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TO  THE 


COUNT  DE  BUFFO  N, 

Sec.  See.  See. 


S I R, 

YOU  did  me  honour  by  permitting 
me  to  addrefs  to  you  my  Tranfla- 
tion  of  your  illuftrious  work  ; and  I am 
proud  to  exercife  the  privilege  you  fo 
politely  conferred  upon  me.  The  im- 
portant Information  it  contains,  and  the 
Eloquence  of  its  composition,  joined  to 
the  Ingenuity,  Tafte,  and  Erudition, 
with  which  it  abounds,  induced  me  to 

think 
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think  that  a Verhon  of  it  into  the  Eng- 
lifh  language,  by  diffufing  the  know- 
ledge of  Nature,  would  increafe  the 
number  of  her  admirers.  The  talk,  it 
muft  be  acknowledged,  was  arduous  ; 
but  your  approbation  and  encourage- 
ment, by  redoubling  my  vigour,  dimi- 
nifhed  the  difficulty  of  the  labour. 

It  was  with  the  livelied:  pleafure  that 
I received  your  communications  refpedl- 
ing  the  valuable  Performances  you  have 
already  publiffied,  and  concerning  thofe 
great  undertakings  which  now  engage 
your  attention.  I failed  not  to  an- 
nounce to  your  friends  in  this  country 
the  advantages  which  Science  and  Li- 
terature have  yet  to  expedl  from  you  ; 
and  I need  hardly  obferve,  that  their 
wiffies  and  my  own,  for  the  accom- 
pliffiment  of  your  purpofes,  are  in  pro- 
portion to  the  greatnefs  of  your  ta- 
lents. 


The 


The  fuccefs  which  the  Tranflation 
has  met  with,  I impute  to  the  celebrity 
of  your  name,  and  to  the  high  value  of 
the  original. 

\ 

I have  the  honour  to  be,  with  the 
moil  entire  refpect, 

S I R, 

- 

Your  moft  obedient3  and 
Moil  humble  fervant, 

Edinburgh, 

May  lo,  1781. 

WILLIAM  SMELLIE. 
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PREFACE, 

BY  THE  TRANSLATOR. 


T^TAtural  History  is  the  mod  extenfive, 
^ and  perhaps  the  moil  inftru&ive  and  en- 
tertaining of  all  the  fciences.  It  is  the  chief 
fource  from  which  human  knowledge  is  de- 
rived. To  recommend  the  ftudy  of  it  from  mo- 
tives of  utility,  were  to  affront  the  undemand- 
ing of  mankind.  Its  importance,  accordingly, 
in  the  arts  of  life,  and  in  ftoring  the  mind  with 
juft  ideas  of  external  objects,  as  well  as  of  their 
relations  to  the  human  race,  was  early  perceiv- 
ed by  all  nations  in  their  progrefs  from  rude- 
nefs  to  refinement. 

But,  notwithftanding  the  great  advantages  to 
be  derived  from  the  knowledge  of  Nature,  Arif- 
totle  is  the  only  ancient  writer  on  Zoology 
Yvho  merits  attention.  Inftead  of  retailing  fic- 
tions, or  fads  founded  upon  ignorance  and  cre- 
dulity, he  inveftigated  the  relations  and  differ- 
ences which  conned:  and  diftinguifh  the  various 
tribes  of  animals.  What  had  been  only  a chaos 
of  detached,  uncertain,  and  often  fabulous,  nar- 
rations and  defcriptions,  he  reduced  into  a fcien- 
tific  form,  with  a fuccefs  fo  amazing,  that,  to  this 

hour, 
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hour,  no  fyftematic  view  of  animated  beings  has 
been  attempted,  the  principles  of  which  have 
not  been  adopted  from  Ariftotle’s  hiftory  of  ani- 
mals. His  analogies  and  diftindions  are  taken 
not  only  from  the  inftruments  of  motion,  the 
teeth,  the  eyes,  the  heart,  and  other  external  and 
internal  organs  of  the  body,  to  which  the  atten- 
tion of  our  modern  methodifts  has  been  chiefly 
confined,  but  from  magnitude,  figure,  manners, 
faculties,  and  difpofitions  of  mind.  He  attempt- 
ed not  to  arrange  and  define  every  known  fpe- 
cies.  This  labour  he  left  to  men  of  lefs  genius 
and  more  patience.  His  work  confifts  entire- 
ly of  philofophical  difiertations  on  the  general 
ftrudure,  manners,  and  difpofitions  of  animals  ; 
and  his  particular  fads  are  always  employed  to 
fupport  the  principles  which  he  is  endeavouring 
to  eftablifh. 

Pliny  and  Ælian,  though  they  had  the  illus- 
trious example  of  Ariftotle  before  them,  pro- 
duced nothing  but  crude  colledions,  without  dis- 
covering much  tafte,  judgment,  or  knowledge 
of  the  fubjed. 

From  this  period,  till  the  voluminous  Gefner 
and  Aldrovandus  appeared,  the  knowledge  of 
Nature,  like  other  branches  of  literature,  was  in- 
volved in  the  general  gloom  of  ignorance  and 
fuperflition.  It  was  the  objed  of  thefe  authors 
to  amafs  every  thing  that  had  been  faid  of  ani- 
mals by  poets,  fhepherds,  grammarians,  philo- 
iophers,  phyficians,  and  old  women.  Their  pro- 
$ lixity, 
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fixity,  of  courfe,  is  infufferable.  Their  labours, 
however,  may  be  regarded  as  rude  quarries,  from 
which  fome  valuable  materials  may  be  dug  ; but 
the  expence  of  removing  the  rubbiih  will,  per- 
haps, overbalance  their  intrinfic  value. 

In  the  fame  clafs,  with  little  exception,  may 
be  ranked,  Wotton,  Belon,  Rondeletius,  Salvia- 
nus,  Johnfon,  and  a multitude  of  fimilar  writers. 
They  all  tranfcribed,  and  fometimes  abridged, 
the  labours  of  their  predeceffors  ; but  they  uni- 
formly loft  fight  of  philofophy  and  fcience. 

This  race  of  phlegmatic  writers  'was  fucceeded 
by  our  celebrated  countrymen  Mr.  Ray  and 
Mr.  Willoughby,  who  were  admirers  of  Nature, 
and  lamented  the  flovenly  drefs  in  which  fhe 
had  been  formerly  exhibited.  They  knew  the 
value  of  her  treafures,  and  wifhed  to  fhow 
them  in  their  native  brilliancy.  They  rejected 
dubious  and  fictitious  relations.  They  added, 
from  obfervation  and  experiment,  many  new 
faCts  : They  arranged  animals  under  proper 
clafies  and  fubdivifions  : They  defcribed  with 
accuracy  and  precifion  : They  pointed  out  the 
importance  of  the  fcience,  and  recommended  the 
ftudy  of  it  by  the  folidity  and  clearnefs  of  their 
views,  and  by  the  brevity  and  perfpieuity  of 
their  compofitions.  This  tafte  continued  fome 
time,  and  produced  the  Works  of  Reaumur, 
Trembley,  Buffon,  and  fimilar  publications. 

From  beginnings  fo  profperous,  much  was  to 
be  expeCted.  But  the  excellency  of  method  was 

no 
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no  fooner  recognifed,  than  the  philofophy  of  the 
fcience  was  nearly  extinguilhed  by  a profufion 
of  new  terms  and  arrangements.  The  juftly  ce-» 
lebrated  Linnaeus,  by  perfevering  induftry,  join- 
ed to  the  utility  of  his  technical  dictionary*, 
unfortunately  turned  the  attention  of  mofl  na- 
turalifts, though  contrary  to  the  learned  author’s 
deftgn,  from  the  great  views  of  Nature  to  the 
humble  ambition  of  fyftem- making.  It  is  need- 
lefs  to  fpecify  examples.  Every  philofopher 
muft  have  oblerved,  with  regret,  that  inundation 
of  methodical  diftributions  which  have  fuccef- 
fively  appeared  during  the  courfe  of  thefe  laft 
thirty  or  forty  years.  Since  Linnæus’s  works 
were  publifhed,  the  attention  of  Naturalifts  has 
been  principally  occupied  with  criticifing  former 
arrangements,  and  fabricating  new  ones.  The 
philofophy  of  the  fcience  has,  of  courfe,  been 
almoft  totally  negle&ed.  Naturally  hiftory  has 
been  exhibited  in  its  moi  forbidding  afped, 
which  has  limited  the  ftudy  of  it  to  a few,  and 
thefe  often  not  of  the  mod  brilliant  talents  ; for 
it  has  been  remarked,  that  the  parade  of  learn- 
ing, reflating  from  technical  phrafes  and  defini- 
tions, allure  feme  men  to  become  what  is  called 
great  naturalifts , whofe  chief  knowledge  of  Na- 
ture is  the  knack  of  being  able  to  name,  with  fa- 
cility, a great  number  of  her  productions. 

• Svftema  Naturæ,  which,  with  regard  to  quadrupeds,  can 
be  coofidered  in  no  other  light. 
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This  propenfity  for  multiplying  methodi- 
cal diftributions,  and  difputing  about  their  re- 
fpedive  merits,  has  brought  much  obloquy  on 
the  fcience  of  Nature.  Men  of  fenfe  perceive 
the  folly  of  difcuffions  concerning  the  local  litu- 
ation  of  an  animal  in  a book.  They  confider 
the  authors  as  learned  trifiers  ; and,  what  is 
worfe,  they  are  apt  to  regard  a fubjed,  which 
affords  no  better  entertainment  or  information, 
as  barren  and  unprofitable.  To  no  other  fource 
can  we  afcribe  the  following  fentiments,  fo  fre- 
quently expreffed  by  men  of  no  incohfiderable 
talents  : 4 That  natural  hiftorians  have  feldoin 
4 difcovered  extenfive  views  ; that  they  confine 
4 their  chief  attention  to  the  mere  technical  part 
4 of  the  fcience  ; that  they  rarely  take  notice  of 
4 manners  and  inftinds,  or  the  caufes  and  œco- 
4 nomy  of  animal  addon  ; and  that  they  never 
4 purfue  thefe  great  and  ufeful  ohjeds  with  a 
4 degree  of  tafte  and  philofophical  accuracy,  pro- 
4 portioned  to  the  importance  of  the  fubjed.’ 
Thefe  ftridures  are  common  : I wifh  that  they 
had  no  foundation  in  truth. 

In  natural  hiftory,  two  ends  only  can  be  at- 
tained by  fyftem.  Both  of  them  are  ufeful  ; 
but  they  are  extremely  different  in  their  kinds. 
Syftem  may  be  employed  either  to  facilitate  the 
diftindion  of  ohjeds,  or  to  afcertain  their  rela- 
tions in  the  fcale  of  being. 

The  firft  fpecies  of  fyftem,  it  is  obvious,  mu  ft 
cdnftft  entirely  of  a feries  of  external  or  inter- 
nal 
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nal  characters.  It  is  of  little  moment,  whether 
the  objeCts  ranked  under  particular  Orders  be 
mutually  connected  ; becaufe,  if  we  may  judge 
from  the  many  laborious,  but  abortive,  attempts 
which  have  been  made,  Nature  feems  not  to 
have  expreifed  fuch  connexions  in  characters 
recognifable  by  our  fenfes.  A fyftem  fo  limited 
in  its  principles  and  defign,  can  never  aflume 
any  other  form  than  that  of  a technical  index 
or  dictionary.  If  the  general  and  particular  cha- 
racters be  fo  marked,  that  a ftudent,  after  learn- 
ing the  divifions  and  language  of  the  author, 
can  inveftigate  the  proper  names  of  the  objeCts 
prefented  to  him,  this  fyftem  is  perfeCt;  becaufe 
its  foie  and  primary  intention  is  fulfilled. 

Were  every  naturalift  of  the  fame  fentiments 
with  regard  to  this  point,  many  incumbrances, 
which  now  load  the  fcience,  would  be  removed; 
the  tyro  would  not  be  difgufted  and  retarded  by 
an  infinity  of  fynonimes  ; natural  hiftory  would 
acquire  a more  fimple  and  intelligible  form  ; and 
the  number  of  its  votaries  would  foon  be  aug- 
mented. 

The  fécond  fpecies  of  fyftem  is  more  elevated 
and  fublime.  But,  as  it  includes  the  whole  phi- 
lofophy  of  Nature,  it  requires  a depth  of  judg- 
ment, a fuperiority  of  genius,  an  extent  of  know- 
ledge, which  are  feldom  united  in  the  fame  per- 
fon.  Natural  objeCts  are  wonderfully  diverfi- 
‘fied  in  their  ftruCture,  œconomy,  and  faculties. 
But,  in  thefe,  as  well  as  in  many  other  circum- 
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fiances,  they  are  no  lefs  wonderfully  conneded. 
Here,  then,  are  foundations  for  cbnftr  tiding  the 
fyftem  of  Nature.  To  mark  the  diftindions, 
to  inveftigate  the  relations,  to  afcertain  the  great 
chain  that  unites  the  numerous  tribes  which  peo- 
ple and  adorn  the  univerfe,  would  demand  ta- 
lents fuperior,  perhaps,  to  thofe  of  humanity. 
We  ought  not,  however,  to  defpair.  Hardly 
any  bounds  can  be  fet  to  the  combined  force  of 
different  minds  acting  fucceffively  upon  the  fame 
fubjed.  Something  has  already  been  done. 
More  may  in  time  appear  : Nature,  in  fome  fu- 
ture period,  may  happily  unite  philofophy  and 
Natural  Hiftory,  a phenomenon  which  has  hi- 
therto been  but  partially  exhibited. 

Among  thofe  authors,  whether  ancient  or  mo- 
dern, who  have  contributed  to  unfold  the  phi- 
lofophy of  Natural  Hiftory,  the  Count  de 
Buffon  holds  the  moft  diftinguifhed  rank. 
This  learned  and  eloquent  writer  has  introduced 
into  his  fubjeds  a greater  variety  of  difquifition, 
and  given  more  cornprehenfive  views  of  Nature, 
than  any  preceding  or  contemporary  hiftorian. 
His  fads  are,  in  general,  colleded  with  judg- 
ment and  fidelity  ; and  his  reafonings  and  in- 
ferences are  not  only  bold  and  ingenious,  but 
adorned  with  all  the  beauties  of  expreffion,  and 
all  the  charms  of  novelty.  They  every  where 
lead  to  refledions  which  are  momentous  and  in- 
terefting.  They  expand  the  mind  and  banifh 
prejudices.  They  create  an  elevation  of  thought, 

and 
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and  cherifh  an  ardour  of  inquiry.  They  open 
many  great  and  delightful  profpeds  of  the  ceco- 
nomy  of  Nature,  of  the  alterations  and  acci- 
dents to  which  fhe  is  liable,  of  the  caufes  of  her 
improvement  or  degeneration,  and  of  the  gene- 
ral relations  that  conned;  the  whole,  and  give 
rife  to  all  the  diverfities  which  charaderife  and 
conftitute  particular  orders  of  exiftence. 

The  original  work,  of  which  I have  attempt- 
ed a tranflation,  was  undertaken  and  carried  in- 
to execution  under  the  munificent  encourage- 
ment of  a great  monarch.  The  defign  was  to 
compofe  a hiftory  which  fhould  record  not  only 
every  phænomenon  in  the  univerfe  that  was  al- 
ready known,  but  to  examine,  defcribe,  and 
delineate  from  the  life,  all  the  animals  which 
could  be  procured  by  royal  influence.  A plan 
fo  extenfive  required  the  joint  operation  of,  at 
leaft,  two  perfons:  the  one  to  compofe  the  hit 
torical  part,  the  other  to  difled  and  minutely 
defcribe  every  animal,  both  native  and  foreign, 
that  fhould  be  obtained.  The  literary  charader 
and  philofophic  talents  of  the  Count  de  Buf- 
fon  pointed  him.  out  for  the  execution  of  the 
firft  department  ; and  the  acutenefs  and  anato- 
mical fkill  of  M.  Daubenton  recommended 
him  for  that  of  the  fécond. 

Three  volumes  of  this  great  work  w’ere  given 
to  the  public  in  the  year  1749.  Thefe  volumes 
exhibited  fuch  difplays  of  learning,  tafte,  genius, 
and  eloquence,  as  procured  to  the  author  un- 
common 
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common  admiration,  and  excited  a ftrong  and 
general  defire -for  the  completion  of  his  plan; 
which,  however,  from  various  caufes,  was  not 
accomplished  till  the  year  1767. 

The  Count  de  Buffon,  in  the  year  1776, 
favoured  the  world  with  a fupplementary  vo- 
lume to  his  hiftory  of  quadrupeds,  which,  befide 
an  ingenious  diftertation  on  Mules,  contains  the 
hiftory  and  figures  of  feveral  new  animals,  and 
valuable  additions  to  mo  ft  of  thofe  deferibed  in 
the  original  publication. 

It  would  be  improper  to  enter  more  minutely 
into  the  hiftory  or  contents  of  this  magnificent 
work.  Such  is  the  fertility  of  the  author’s  ge- 
nius, and  fuch  his  ardour  for  philofophic  inqui- 
ry, that,  when  treating  of  the  mod  common 
-animals,  he  often  aftonifhes  his  reader  with  the 
profoundnefs  of  his  remarks,  and  the  beauty  of 
his  analogical  difeuffions. 

But,  though  the  publication  was  a great  ac- 
quisition to  literature  ; yet  the  high  price  of 
Sixteen  Guineas,  which  was  an  unavoidable 
confequence  of  its  fplendour,  and  of  the  prodi- 
gious number  of  its  elegant  engravings,  confined 
its  utility  to  men  of  opulence.  SenfibJe  of  this 
inconvenience,  the  Count  de  Buffon,  a few 
years  ago,  published  an  edition'in  12 mo;  and, 
to  bring  it  wdthin  the  reach  of  common  pur- 
chafers,  he  excluded  from  it  the  long  and  minute 
anatomical  diftedions  and  menfurations. 

After  this  fhort  fketch  of  the  Count  de 
Buffon’s  Hiftory  of  Nature,  it  mayfeem  ftrange 
vol.  1*  b that 
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that  no  decent  tranflation  of  it  has  hitherto  ap- 
peared in  the  Englifti  language.  To  fuch  an 
undertaking,  the  great  expence  of  the  engrav- 
ings was  one  folid  objection.  Another  arofe 
from  the  vaft  variety  of  learning  employed  by 
the  author.  # When  to  thefe  are  added  the  ex- 
uberance of  his  fancy,  the  eloquence  and  force 
of  his  di&ion,  the  delicacy  and  acutenefs  of  his 
difquifitions,  we  fhould  rather  wonder  how  any 
man  could  reconcile  himfelf  to  a tafk  fo  labo- 
rious, and  which  required  the  union  of  fuch  di- 
versified talents. 

% * * * * 

This  tranflation  comprehends  what  is  contain- 
ed in  the  original  fifteen  volumes  in  quarto,  to- 
gether with  the  fupplementary  volume  to  the 
hiftory  of  quadrupeds,  except  the  defcription  of 
the  King’s  cabinet,  the  dry  and  uninterefting 
anatomical  diffedtions  and  menfurations,  which 
can  be  of  little  ule  but  to  profefled  anatomifts, 
and  have  been  properly  omitted  by  the  author 
in  the  laft  Paris  edition.  The  method  of  ftudy- 
ing  Natural  Hiftory  ; the^ reprehen fion  of  me- 
thodical diftributions  ; and  the  mode  ofdefcribing 
animals,  are  likewife  omitted.  The  chief  inten- 
tion of  thefe  difcourfes  is  to  ridicule  the  authors 
of  fyftematic  arrangements,  and  particularly  the 
late  ingenuous  and  indefatigable  Sir  Charles  Lin- 
næu$,  whofe  zeal  and  labours  in  promoting  the 
inveftigation  of  natural  objedts  merit  the  high  eft: 

applaufe. 
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applaufe.  There  is  a ftronger  reafon  for  this 
omiffion  : The  fame  remarks  and  arguments  are, 
perhaps,  too  frequently  repeated  in  the  hiftory 
of  particular  animals. 

To  render  this  Englifh  verfion  more  valuable, 
the  tranflator  has  added  fhort  diftinCiive  defcrip- 
tions  to  each  fpecies  of  quadrupeds.  For  thefe 
he  has  been  indebted  to  the  labours  of  the  learn- 
ed and  ingenious  Mr.  Pennant.  Befide  thefe 
ufeful  additions,  the  fynonimes,  aUd  the  generic 
and  fpecific  characters  given  by  Linnæus,  Klein, 
Briffon,  and  other  naturalifts,  are  fubjoined  to 
the  defcription  of  each  fpecies. 

Where  the  author  commits  miflakes,  or  where 
he  recommends  practices,  regarding  the  manage- 
ment of  particular  animals,  which  differ  from 
thofe  obferved  in  this  country,  the  tranflator  has 
taken  the  liberty  of  animadverting  upon  fuch 
paffages  in  notes  : But  he  has  feldom  taken  any 
notice  of  peculiar  theories  or  doCtrines.  Thefe 
muft  reft  upon  the  faCts  and  arguments  employ- 
ed by  the  author.  It  was  not  the  intention  of 
the  tranflator  to  write  a commentary  upon  his 
original. 

The  great  variety  of  fubjeCts  difeuffed  by  the 
Count  de  Buffon,  has  already  been  mentioned. 
It  is  almoft  unneceffary  to  remark,  that  every 
fubjeCt  demands  a peculiar  ftyle.  A bare  enu- 
meration of  fads,  or  deferiptions  of  the  dimen- 
fions,  figure,  and  colour  of  animals,  admit  of  no 
other  ornament  than  that  of  perfpicuity.  Topics 
of  philofophy  and  argument  require  a higher  and 
2 more 
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more  figurative  exprefîion  : And  addreffes  to 
the  pallions,  and  the  finer  feelings  of  men,  give 
full  fcope  to  the  exercife  of  genius  and  of  tafte. 
Of  thefe  different  fpecies  of  writing,  the  exam- 
ples are  numerous  in  the  works  of  the  Count 
de  Buffon.  The  tranflator  has  endeavoured 
to  follow  the  original,  as  far  as  his  abilities 
would  permit.  The  degree  of  fuccefs  he  has 
attained  muft  be  fubmitted  to  the  impartial  de- 
termination of  the  public.  He  fhall  only  fay, 
that  his  apprehenfions,  though  he  is  confcious 
of  no  voluntary  negligence,  are  much  greater 
than  his  hopes. 

N.  B.  Since  the  firft  edition  was  printed,  the 
Count  de  Buffon  has  publifhed  another  fup'ple- 
mentary  volume.  It  confifts  chiefly  of  curious 
and  interefting  fadfs  with  regard  to  the  hiftory 
of  the  earth.  Thefe  the  Tranflator  has  added  in 
a feparate  volume,  which,  to  accommodate  the 
purchafers  of  the  former  edition,  he  has  directed 
to  be  fold  by  itfelf. 

In  the  dimenfions  of  animals,  thé  trànf- 
lator  has  retained  the  French  meafures.  The 
differences  between  the  foot  or  inch  of  England 
and  France  are  fo  inconfiderable,  when  applied 
to  individual  animals,  that  he  thought  it  unne- 
ceflary  to  reduce  them  to  the  precife  Englifh 
ftandard,  efpecially  as  the  dimenfions  are  Eng- 
lifh in  the  defcriptions  added  in  the  notes. 
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HISTORY  and  THEORY 

OF  THÊ 

EARTH. 

THE  figure  of  the  earth'*,  its  motions,  or 
the  external  relations  which  fubfift  be- 
tween it  and  the  other  parts  of  the  univerfe,  be- 
long not  to  our  prefent  inquiry.  It  is  the  inter- 
nal ftruCture  of  the  globe,  its  form  and  manner 
of  exiftence,  which  we  here  propofe  to  examine# 
The  general  hiftory  of  the  earth  ought  to  precede 
that  of  its  productions.  Details  of  particular 
fads  relating  to  the  oeconomy  and  manners  of 
animals,  or  to  the  culture  and  vegetation  of 
plants,  are  not,  perhaps,  fo  much  the  objeCts  of 
natural  hiftory,  as  general  deductions  from  the 
obfervations  that  have  been  made  upon  the  dif- 
ferent materials  of  which  the  earth  itfelf  is  com- 
pofed  ; as  its  heights,  depths,  and  inequalities  ; 
the  motions  of  the  fea,  the  direction  of  moun- 
tains, the  fituation  of  rocks  and  quarries,  the  ra- 
pidity and  effeCts  of  currents  in  the  ocean,  &c. 

* See  fubfecjuent  proofs  of  the  theory  of  the  earth,  art.  I. 
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This  is  the  hiftory  of  Nature  at  large,  and  of  her 
principal  operations,  by  which  every  other  infe- 
rior or  lefs  general  effedt  is  produced.  The  the- 
ory of  thefe  effedts  conftitutes  what  may  be  call- 
ed the  primary  fcience,  upon  which  a precife 
knowledge  of  particular  appearances,  as  well  as 
of  terreftrial  fubftances,  folely  depends.  This 
fpecies  of  fcience  may  be  confidered  as  apper- 
taining to  phylics  ; but,  is  not  all  phyfical  know- 
ledge, where  fyftem  is  excluded,  a part  of  the 
hiftory  of  nature  ? 

In  fubjedts  of  an  extenfive  kind,  the  relations 
of  which  it  is  difficult  to  trace,  where  fome 
fadts  are  but  partially  known,  and  others  ob- 
fcure,  it  is  more  eafy  to  form  a fanciful  fyftem, 
than  to  eftablifh  a rational  theory.  Thus  the 
theory  of  the  earth  has  never  hitherto  been 
treated  but  in  a vague  and  hypothetical  manner. 
I ffiall,  therefore,  exhibit  a curfory  view  only 
of  the  notions  of  fome  authors  who  have  writ- 
ten upon  this  fubjedt. 

The  firft  hypothefis  I fhall  mention  is  more 
confpicuous  for  its  ingenuity  than  folidity.  It 
is  the  produdtion  of  an  Engliffi  aftronomer*, 
who  was  an  enthufiaftic  admirer  of  Sir  Ifaac 
Newton’s  fyftem  of  philofophy.  Convinced 
that  every  poffible  event  depends  upon  the  mo- 
tions and  diredtion  of  the  ftars,  he  endeavours 
to  prove,  by  means  of  mathematical  calculations, 

* Whillon.  See  the  proofs,  art.  II. 


that 


THEORY  OF  THE  EARTH.  3 

that  all  the  changes  this  earth  has  undergone 
have  been  produced  by  the  tail  of  a comet. 

For  another  hypothefis  we  are  indebted  to  a 
heterodox  divine  *,  whofe  brain  was  fo  fully  im- 
pregnated with  poetical  illufions,  that  he  ima* 
gined  he  had  feen  the  univerfe  created.  After 
telling  us  the  ftate  of  the  earth  when  it  firft 
fprung  from  nothing,  what  changes  have  been 
introduced  by  the  deluge,  what  the  earth  has  been, 
and  what  it  now  is,  he  afliimes  the  prophetic 
ftyle,  and  predids  what  will  be  its  condition  af- 
ter the  deftrudion  of  the  human  kind. 

A third  writer  f , a man  of  more  extenfive 
obfervation  than  the  two  former,  but  equally 
crude  and  confufed  in  his  ideas,  explains  the 
principal  appearances  of  the  globe  by  the  aid  of 
an  immenfe  abyfs  in  the  bowels  of  the  earth, 
which,  in  his  eftimation,  is  nothing  but  a thin 
cruft  inclofing  this  vaft  ocean  of  fluid  matter. 

Thefe  hypothefes  are  all  conftruded  on  tot- 
tering foundations.  The  ideas  they  contain  are 
indiftind,  the  fads  are  confounded,  and  the 
whole  is  a motley  jumble  of  phyfics  and  fable. 
They,  accordingly,  have  never  been  adopted  but 
by  men  who  embrace  opinions  without  exami- 
nation, and  who,  incapable  of  diftinguilhing  the 
degrees  of  probability,  are  more  deeply  impreff- 
ed  with  marvellous  chimeras  than  with  the  ge- 
nuine force  of  truth, 

* Burnet.  See  proofs,  art.  III. 
f Woodward,  See  proofs,  art.  IV. 

A 2 


My 


4 


THEORY  OF  THE  EARTH. 


My  ideas  on  this  fubjed  will  be  lefs  extraor- 
dinary, and  may  even  appear  unimportant,  when 
compared  with  the  grand  fyftems  of  fueh  hypo- 
thetical writers.  But  it  fhould  not  be  forgotten, 
that  it  is  the  bufmefs  of  an  hiftorian  to  defcribe, 
not  to  invent  ; that  no  gratuitous  fuppofitions 
are  to  be  admitted  in  fubjeds  which  depend  up- 
on fad  and  obfervation;  and  that,  in  hiftorical 
compofitions,  the  imagination  cannot  be  employ- 
ed, except  for  the  purpofe  of  combining  obferva- 
tions,  of  rendering  fads  more  general,  and  of 
forming  a conneded  whole,  which  prefents  to 
the  mind  clear  ideas,  and  probable  conjedures  : 
I fay,  probable  ; for  it  is  impoffible  to  give  de- 
monftrative  evidence  on  this  fubjed.  Demon- 
ftration  is  confined  to  the  mathematical  fciences* 
Our  knowledge  in  phyfics  and  natural  hiftory 
depends  entirely  on  experience,  and  is  limited  to 
the  method  of  reafoning  by  indudion. 

With  regard  to  the  hiftory  of  the  earth,  there- 
fore, we  fhall  begin  wTith  fuch  fads  as  have  been 
univerfally  acknowledged  in  all  ages,  not  omit- 
ting thofe  additional  truths  which  have  fallen 
within  our  own  obfervation. 

The  furface  of  this  immenfe  globe  exhibits  to 
our  obfervation  heights,  depths,  plains,  feas, 
marfhes,  rivers,  caverns,  gulfs,  volcano’s  ; and, 
on  a curfory  view,  we  can  difcover,  in  the  dif- 
pofition  of  thefe  objeds,  neither  order  nor  re- 
gularity. If  we  penetrate  into  the  bowels  of  the 

earth, 
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earth,  we  find  metals,  minerals,  ftones,  bitumens, 
fands,  earths,  waters,  and  matter  of  every  kind, 
feèmingly  placed  by  mere  accident,  and  without 
any  apparent  defign.  Upon  a nearer  and  more 
attentive  infpeCiion,  we  difcover  funk  moun- 
tains*, caverns  filled  up,  {battered  rocks,  whole 
countries  fwallowed  up,  new  iflands  emerged 
from  the  ocean,  heavy  fubftances  placed  above 
li<rht  ones,  hard  bodies  inclofed  within  foft  bo- 
dies  ; in  a word,  we  find  matter  in  every  form, 
dry  and  humid,  warm  and  cold,  folid  and  brittle, 
blended  in  a chaos  of  confufion,  which  can  be 
compared  to  nothing  but  a heap  of  rubbifh,  of 
the  ruins  of  a world. 

Thefe  ruins,  however,  we  inhabit  with  per- 
fect fecurity,  The  different  generations  of  men, 
of  animals,  and  of  plants,  fucceed  one  another 
without  interuption  : The  productions  of  the 
earth  are  fuflicient  for  their  fuftenance  5 the  mo- 
tions of  the  fea,  and  the  currents  of  the  air,  are 
regulated  by  fixed  laws  f ; the  returns  of  the  fea- 
fons  are  uniform,  and  the  rigours  of  winter  in- 
variably give  place  to  the  verdure  of  the  fpring. 
With  regard  to  us,  every  thing  has  the  appear- 
ance of  order  The  earth,  formerly  a chaos,  is 
now  a tranquil,  an  harmonious,  a delightful  ha- 
bitation, where  all  is  animated  and  governed  by 

* See  Senec.  Quaeft.  Jib.  6.  cap.  21.  Strab.  Geo g.  lib.  1. 
Orofius,  lib.  2.  cap.  18.  Plin.  lib.  2.  cap.  19.  Hilt,  de  Pacad. 
des  fciences,  année  1708,  p.  23. 

■f  See  the  proofs,  art.  XIV. 
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fuch  amazing  difplays  of  power  and  intelligence, 
as  fill  us  with  admiration,  and  elevate  our  minds 
to  the  contemplation  of  the  great  Creator. 

But  let  us  not  decide  precipitantly  concern- 
ing the  irregularities  on  the  furface  of  the  earth, 
and  the  apparent  diforder  in  its  bowels  : We  fhall 
foon  perceive  the  utility,  and  even  the  neceffity 
of  this  arrangement.  With  a little  attention, 
we  fhall  perhaps  difcover  an  order  of  which  we 
had  no  conception,  and  general  relations  that 
cannot  be  apprehended  by  a flight  examination. 
Our  knowledge,  indeed,  with  regard  to  this  fub- 
jedt,  muft  always  be  limited.  We  are  entirely 
unacquainted  with  many  parts  of  the  furface  of 
this  globe  *,  and  have  partial  ideas  only  con- 
cerning the  bottom  of  the  ocean,  which,  in  ma- 
ny places,  has  never  been  founded.  We  can 
only  penetrate  the  rind  of  the  earth.  The 
greatefi  caverns  f,  the  deepefl  mines  defcend 
not  above  the  eight  thoufandth  part  of  its  dia- 
meter. Our  judgment  is  therefore  confined  to 
the  upper  ftratum,  or  mere  fuperficial  part.  We 
know,  indeed,  that,  bulk  for  bulk,  the  earth  is 
four  times  heavier  than  the  fun  : We  likewife 
know  the  proportion  its  weight  bears  to  that  of 
the  other  planets.  But  ftill  this  eftimation  is 
only  relative.  We  have  no  flandard.  Of  the 
real  weight  of  the  materials  we  are  fo  ignorant, 
that  the  internal  part  of  the  globe  may  be  either 

* See  proof?,  art.  VI.  + Phil,  tranf.  abridged,  vol.  ii. 

p.  323.  X Boyle’s  works,  vol.  iii.  p.  232. 
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a void  fpace,  or  it  may  be  compofed  of  matter 
a thoufand  times  heavier  than  gold.  Neither  is 
there  any  method  of  making  farther  difcoveries 
on  this  fubjeCh  It  is  even  with  difficulty  that 
rational  conje&ures  can  be  formed'^. 

We  muft  therefore  confine  ourfelves  to  an  ac- 
curate examination  and  defcription  of  the  furface 
of  the  earth,  and  of  fuch  inconfiderable  depths 
as  we  have  been  able  to  penetrate.  The  firft 
objeCt  which  attracts  attention,  is  that  immenfe 
collection  of  waters  with  which  the  greatefb 
part  of  the  globe  is  covered.  Thefe  waters  oc- 
cupy the  loweft  grounds  ; their  furface  is  always 
level  ; and,  notwithftanding  their  uniform  ten- 
dency to  equilibrium  and  reft,  they  are  kept  in 
perpetual  agitation  by  a powerful  agent  f,  which 
counteracts  their  natural  tranquillity,  which  com- 
municates to  them  a regular  periodic  motion, 
alternately  elevating  and  depreffing  their  waves, 
and  which  produces  a concuffion  or  vibration 
in  the  whole  mafs,  even  to  the  moft  profound 
depths.  This  motion  of  the  waters  is  coeval  with 
time,  and  will  endure  as  long  as  the  fun  and 
moon,  by  which  it  is  produced. 

In  examining  the  bottom  of  the  fea,  we  per- 
ceive it  to  be  equally  irregular  as  the  furface  of 
the  dry  land  £.  We  difcover  hills  and  valleys, 
plains  and  hollows,  rocks  and  earths  of  every 

* See  proofs,  art.  I.  f Proofs,  art.  XII. 

X Proofs,  art.  XIII. 
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kind*:  We  difcover,  likewife,  that  iflands  are 
nothing  but  the  fummits  of  vaft  mountains, 
whofe  foundations  are  buried  in  the  ocean  *}*  ; 
we  find  other  mountains  whofe  tops  are  nearly 
on  a level  with  the  furface  of  the  water  ; and 
rapid  currents  which  run  contrary  to  the  gene- 
ral movement  Thefe  currents  fometimès  run 
in  the  fame  direction  ; at  other  times  their  mo- 
tion is  retrograde  ||  ; but  they  never  exceed  their 
natural  limits,  which  feem  to  be  as  immutable 

4 

as  thofe  which  bound  the  efforts  of  land-rivers. 
On  one  hand,  we  meet  with  tempeftuous  re- 
gions, where  the  winds  blow  with  irrefiflible  fury, 
where  the  heavens  and  the  ocean,  equally  con- 
vulfed,  are  mixed  and  confounded  in  the  general 
fhock  ; violent  inteftine  motions,  tumultuous  fwel- 
lings§,  water- fpouts**,  and  ftrange  agitations, 
produced  by  volcano’s,  whofe  mouths,  though 
many  fathoms  below  the  furface,  vomit  forth 
torrents  of  fire,  and  pufh,  even  to  the  clouds, 
a thick  vapour,  compofed  of  water,  fulphur? 
and  bitumen  ; and  dreadful  gulphs  or  whirl- 
pools^, which  feem  to  attract  veffels  for  no 
other  purpofe  than  to  fwallow  them  up.  On 
the  other  hand,  we  difcover  vaft  regions  of  an 
-oppofite  nature,  always  fmooth  and  calm,  but 

* See  M.  Buache’s  chart  of  the  depths  of  the  ocean  between 
Africa  and  America.  f Varenii  Geog.  gen.  p.  2 18. 

% Proofs,  art.  XIII,  ||  Varen.  p.  140.  and  Voyages  de 

Pirard,  p.  137.  § Shaw’s  travels.  Proofs,  art.  XVI. 

ft  The  Maleftroom  in  the  Norwegian  fca. 


THEORY  OF  THE  EARTH, 


9 

equally  dangerous  to  the  mariner  Here  the 
winds  never  exert  their  force  ; the  nautical  art 
is  of  no  utility  ; the  becalmed  voyagers  muft 
remain  immoveably  fixed,  till  death  relieve  them 
from  mifery.  To  conclude,  directing  our  eyes 
toward  the  fouthern  or  northern  extremities  of 
the  globe,  we  difeover  huge  mafles  of  ice  f, 
which,  detaching  themfelves  from  the  polar  re- 
gions, advance,  like  floating  mountains,  to  the 
more  temperate  climates,  where  they  diflolve 
and  vanifh  from  our  view 

Befide  thefe  grand  obje&s,  the  ocean  prefents 
us  with  myriads  of  animated  beings,  almoft  in- 
finite in  variety:  Some,  clothed  in  light  feales, 
fwim  with  amazing  fwiftnefs  ; others,  loaded 
with  thick  fhelis,  trail  heavily  along,  leaving 
their  traces  in  the  fand  : To  others  Nature  has 

given  fins  refembling  wings,  with  which  they 
fupport  themfelves  in  the  air,  and  fly  before 
their  enemies  to  confiderable  diftances.  Laftiy, 
the  fea  gives  birth  to  other  animals,  'which,  to- 
tally deprived  of  motion,  live  and  die  immoveably 
fixed  to  the  fame  rocks:  All,  however,  find 

abundance  of  food  in  this  fluid  element.  The 
bottom  of  the  ocean,  and  the  fhelving  Tides  of 
rocks,  produce  plentiful  crops  of  plants  of  many 
different  fpecies;  its  foil  is  compofed  of  fand, 
gravel,  rocks,  and  fhelis;  in  fome  places,  it  is  a 
fine  clay,  in  others,  a compact  earth  ; and, 
in  general,  the  bottom  of  the  fea  has  an 

? The  calms  and  tornados  in  the  Æthiopan  Tea. 

f Proofs,  art.  VI.  and  X,  J See  Buache’s  chart,  1739. 
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exad  refemblance  to  the  dry  land  which  we 
inhabit. 

Let  us  next  take  a view  of  the  land  : What 
prodigious  differences  take  place  in  different 
climates  ! What  a variety  of  foils  Î What  inequa- 
lities in  the  furface!  But,  upon  a more  attentive 
obfervation,  we  fhall  perceive,  that  the  great 
chains  of  mountains  lie  nearer  the  equator  than 
the  poles  *;  that,  in  the  Old  Continent,  their 
direction  is  more  from  eaft  to  weft  than  from 
fouth  to  north  ; and  that,  on  the  contrary,  in 
the  New  Continent,  they  extend  more  from  north 
to  fouth  than  from  eaft  to  weft.  But,  what  is 
ftill  more  remarkable,  the  figure  and  direction 
of  thefe  mountains,  which  have  a mod  irregular 
appearance  f,  correfpond  fo  wonderfully,  that  the 
prominent  angles  of  one  mountain  are  confiant- 
Jy  oppofite  to  the  concave  £ angles  of  the  neigh- 
bouring mountain  ||,  and  of  equal  dimenfions, 
whether  they  be  feparated  by  an  extenfive  plain, 
or  a frnall  valley.  I have  further  remarked,  that 
oppofite  hills  are  always  nearly  of  the  fame 
height;  and  that  mountains  generally  occupy 
the  middle  of  continents,  iflands,  and  promon- 
tories, dividing  them  by  their  greateft  lengths  §. 
I have  likewife  traced  the  courfes  of  the  princi- 
pal rivers,  and  find  that  their  dire&ion  is  near- 
ly perpendicular  to  the  fea-coafts  into  which 
they  empty  themfelves  ; and  that,  during  the 

* Proofs,  art.  IX.  f Ibid.  art.  IX.  XII.  X Saliant 
and  re-entering  angles  ; Muller’s  fortification.  |j  Lettres 

Phil,  de  Bourg uet,  p.  181.  § Varen.  Geog.  p.  69. 
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greateft  part  of  their  courfes,  they  follow  the 
direction  of  the  mountains  from  which  they  de-? 
rive  their  origin  The  fea-coafts  are  generally 
bordered  with  rocks  of  marble  and  other  hard 
ftones,  or  rather  with  earth  and  fand  accumu- 
lated by  the  waters  of  the  fea,  or  brought  down 
and  depofited  by  rivers.  In  oppofite  coafts,  fepa- 
rated  only  by  fmall  arms  of  the  fea,  the  different 
ftrata  or  beds  of  earth  are  of  the  fame  materials  f . 

I find  that  volcano’s  never  exift  but  in  high 
mountains  % ; that  a great  number  of  them 
are  entirely  extinguifhed  ; that  fome  are  connect- 
ed with  others  by  fubterraneanpaffages,  and  their 
eruptions  not  unfrequently  happen  at  the  fame 
time  || . There  are  fimilar  communications  be- 
tween certain  lakes  and  feas.  Some  rivers  fud- 
denly  difappear  §,  and  feem  to  precipitate  them- 
felves  into  the  bowels  of  the  earth.  We  likewife 
find  certain  mediterranean  or  inland  feas,  which 
conftantly  receive,  from  many  and  great  rivers, 
prodigious  quantities  of  water,  without  any  aug- 
mentation of  their  bounds,  probably  difcharging, 
by  fubterraneous  paffages,  all  thefe  extraneous 
fupplies.  It  is  likewife  eafy  to  diftinguifh  lands 
which  have  been  long  inhabited,  from  thofe  new 
countries  where  the  earth  appears  in  a rude  ftate, 
where  the  rivers  are  full  of  catara&s,  where  the 
land  is  either  nearly  overflowed  with  water,  or 
burnt  up  with  drought,  and  where  every  place 

* Proofs,  art.  X.  f Ibid.  art.  VII.  X Ibid.  art.  XVI. 
|[  Kircher  Mund.  fubter.  in  praef.  § Varen.  Geog.  p.  43. 
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capable  of  producing  trees  is  totally  covered  with 
wood. 

Proceeding  in  our  examination,  we  difcover 
that  the  upper  ftratum  of  the  earth  is  univerfal- 
ly  the  fame  fubftance  that  this  fubftance, 
from  which  all  animals  and  vegetables  derive 
their  growth  and  nouriftiment,  is  nothing  but 
a compofition  of  the  decayed  parts  of  animal 
and  vegetable  bodies,  reduced  into  fuch  fmall 
particles  that  their  former  organic  Rate  is  not 
diftinguiftiable.  Penetrating  a little  deeper,  we 
find  the  real  earth,  beds  of  fand,  lime-ftone,  day, 
fhells,  marble,  gravel,  chalk,  &c.  Thefe  beds 
are  always  parallel  to  each  other  f , and  of  the 
fame  thicknefs  through  their  whole  extent.  In 
neighbouring  hills,  beds  or  ftrata  of  the  fame 
materials  are  uniformly  found  at  the  fame  le- 
vels, though  the  hills  be  feparated  by  deep  and 
large  valleys.  Strata  of  every  kind,  even  of  the 
mo  ft  folid  rocks,  are  uniformly  divided  by  per- 
pendicular fiflures  J.  Shells,  fkeletons  of  fifties, 
marine  plants,  &c.  are  often  found  in  the  bowels 
of  the  earth,  and  on  the  tops  of  mountains  [|,  even 
at  the  greateft  diftances  from  the  fea.  Thefè 
fhells,  fifties,  and  plants,  are  exactly  fimilar  to 
thofe  which  exift  in  the  ocean.  Petrified  ftiells 
are  to  be  met  with,  almoft  every  where,  in 
prodigious  quantities:  They  are  not  only  in- 
cloled  in  rocks  of  marble  and  lime-ftone,  as 

* Proofs,  art.  VII.  + Ibid,  and  Woodward,  p,  41.  &c. 

X Proofs,  art.  Vllf.  ||  Proofs,  art.  VIII. 
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well  as  in  earths  and  clays,  but  are  actually  in- 
corporated and  filled  with  the  very  fubftances 
in  which  they  are  inclofed.  In  fine,  I am  con- 
vinced, by  repeated  obfervation,  that  marbles, 
lime-ftones,  chalks,  maries,  clays,  fand,  and  al- 
moft  all  terreftrial  fubftances,  wherever  fitua- 
ted,  are  full  of  fhells  and  other  fpoils  of  the 
ocean 

Having  enumerated  thefe  facts,  let  us  try 
what  conclufions  can  be  drawn  from  them. 

The  changes  wThich  the  earth  has  undergone 
during  the  laft  two  or  three  thou  fand  years 
are  inconfiderable,  when  compared  with  the 
great  revolutions  which  muft  have  happened 
in  thofe  ages  that  immediately  fucceeded  the 
creation.  For,  as  terreftrial  fubftances  could 
only  acquire  folidity  by  the  continued  acftion 
of  gravity,  it  is  eafy  to  demonftrate,  that  the 
furface  of  the  earth  was  at  ftrft  much  fofter  than 
it  is  now;  and,  confequently,  that  the  fame 
caufes,  which  at  prefent  produce  but  flight  and 
almoft  imperceptible  alterations  during  the  courfe 
of  many  centuries,  were  then  capable  of  produ- 
cing very  great  revolutions  in  a few  years.  It 
appears,  indeed,  to  be  an  incontrovertible  fa£t, 
that  the  dry  land  which  we  now  inhabit,  and 
even  the  fummits  of  the  higheft  mountains, 
were  formerly  covered  with  the  waters  of  the 
fea;  for  fhells,  and  other  marine  bodies,  are 

• Steno,  Woodward,  Ray,  Rourguet,  Scheuchzer,  Phil. 
Tranf.  Mem.  del’ Acad,  &c. 
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ftill  found  upon  the  very  tops  of  mountains.  It 
likewife  appears,  that  the  waters  of  the  fea  have 
remained  for  a long  track  of  years  upon  the  fur- 
face  of  the  earth  ; becaufe,  in  many  places,  fuch 
immenfe  banks  of  fhells  have  been  difcovered, 
that  it  is  impoffible  fo  great  a multitude  of  ani- 
mals could  exift  at  the  fame  time.  This  circum- 
ftance  feems  likewife  to  prove,  that,  although 
the  materials  on  the  furface  of  the  earth  were 
then  foft,  and,  of  courfe,  eafily  difunited, 
moved,  and  tranfported,  by  the  waters  ; yet 
thefe  tranfportations  could  not  be  fuddenly  ef- 
fected. They  muft  have  been  gradual  and  fuc- 
ceffive,  as  fea-bodies  are  fometimes  found 
more  than  1000  feet  below  the  furface.  Such 
a thicknefs  of  earth  or  of  ftone  could  not  be  ac- 
cumulated in  a fhort  period.  Although  it  fhould 
be  fuppofed,  that,  at  the  deluge,  all  the  fhells 
were  tranfported  from  the  bottom  of  the  ocean, 
and  depofited  upon  the  dryland;  yet,  befide  the 
difficulty  of  eftablifhing  this  fuppofition,  it  is 
clear,  that,  as  fhells  are  found  incorporated  in 
marble  and  in  the  rocks  of  the  higheft  moun- 
tains, we  muft  likewife  fuppofe,  that  all.  thefe 
marbles  and  rocks  were  formed  at  the  fame 
time,  and  at  the  very  inflant  when  the  deluge 
took  place;  and  that,  before  this  grand  revolu- 
tion, there  were  neither  mountains,  nor  marbles, 
nor  rocks,  nor  clays,  nor  matter  of  any  kind, 
fimilar  to  what  we  are  now  acquainted  with, 
as  they  all,  with  few  exceptions,  Contain  fhells, 

and 
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and  other  produdions  of  the  ocean.  Befides,  at 
the  time  of  the  univerfal  deluge,  the  earth  muft 
have  acquired  a confiderable  degree  of  folidity, 
by  the  adion  of  gravity  for  more  than  fixteen 
centuries.  During  the  fhort  time  the  deluge 
lafted,  therefore,  it  is  impoffible  that  the  waters 
fhould  have  overturned  and  diffolved  the  whole 
furface  of  the  earth,  to  the  greateft  depths  that 
mankind  have  been  able  to  penetrate. 

But,  not  to  infift  longer  on  this  point, 
which  fhall  afterwards  be  more  fully  canvaffcd, 
I fhall  confine  myfelf  to  known  and  eftablifhed 
fads.  It  is  certain,  that  the  waters  of  the  fea 
have,  at  fome  period  or  other,  remained  for  a 
fucceffion  of  ages  upon  what  we  now  know  to 
be  dry  land;  and,  confequently,  that  the  vaft 
continents  of  Afia,  Europe,  Africa,  and  Ameri- 
ca, were  then  the  bottom  of  an  immenfe  ocean, 
replete  with  every  thing  which  the  prefent  ocean 
produces.  It  is  likewife  certain,  that  the  diffe- 
rent ftrata  of  the  earth  are  horizontal,  and  pa- 
rallel to  each  other  This  parallel  fituation 
muft,  therefore,  be  owing  to  the  operation  of 
the  waters,  which  have  gradually  accumulated 
the  different  materials,  and  given  them  the  fame 
pofition  that  water  itfelf  invariably  affames. 
The  horizontal  pofition  of  ftrata  is  almoft  uni- 
verfal: In  plains,  the  ftrata  are  exadly  horizon- 
tal. It  is  only  in  the  mountains  that  they  are 
inclined  to  the  horizon  ; becaufe  they  have  ori- 

* Proofs,  art.  VII. 
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ginally  been  formed  by  fediments  depofited  up- 
on an  inclined  bafe.  Now,  I maintain,  thatthefe 
ftrata  muft  have  been  gradually  formed,  and 
that  they  are  not  the  effecft  of  any  fudden  revo- 
lution; becaufe  nothing  is  more  frequent  than 
ftrata  compofed  of  heavy  materials  placed  above 
light  ones,  which  never  could  have  happened, 
if,  according  to  fome  authors,  the  whole  had 
been  blended  and  diffolved  by  the  deluge,  and 
afterwards  precipitated.  On  this  fuppofition 
every  thing  fhould  have  had  a different  afpecfc 
from  what  now  appears.  The  heavieft  bodies 
fhould  have  defcended  firft,  and  every  ftratum 
fhould  have  had  a fituation  correfponding  to 
its  fpecific  gravity.  In  this  cafe  w^e  fhould  not 
have  feen  folid  rocks  or  metals  placed  above 
light  fand,  nor  clay  under  coal. 

Another  circumftance  demands  our  attention. 
No  caufe  but  the  motion  and  fediments  of 
water  could  poffibly  produce  the  regular  po« 
fition  of  the  various  ftrata  of  which  the  fuperfi- 
cial  part  of  this  earth  is  compofed.  The  higheft 
mountains  confift  of  parallel  ftrata,  as  well  as 
the  loweft  valleys.  Of  courfe,  the  formation  of 
mountains  cannot  be  imputed  to  the  fhocks  of 
earthquakes,  or  to  the  eruptions  of  volcano’s. 
Such  fmall  eminences  as  have  been  raifed  by 
volcano's  or  convulfions  of  the  earth,  inftead  of 
being  compofed  of  parallel  ftrata,  are  mere  maf- 
fes  of  weighty  materials,  blended  together  in  the 

utmofl 
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Utmoft  confufion*.  But  this  parallel  and  hori- 
zontal pofition  of  ftrata  muft  neceffarily  be  the 
operation  of  a uniform  and  confiant  caufe* 

We  are*  therefore,  authorifed  to  conclude, 
from  repeated  and  incontrovertible  fads  and  ob- 
fervations,  that  the  dry  and  habitable  part  of  the 
earth  has  for  a long  time  remained  under  the 
waters  of  the  Tea,  and  muft  have  undergone  the 
fame  changes  which  are  at  prefent  going  on 
at  the  bottom  of  the  ocean.  To  difcover  what 
has  formerly  happened  to  the  dry  land,  let  us 
examine  what  pafles  in  the  bottom  of  the  fea  ; 
and  we  fliall  foon  be  enabled  to  make  fome  ra- 
tional conclufions  with  regard  to  the  external  fi- 
gure and  internal  conftitution  of  the  earth. 

The  ocean,  from  the  creation  of  the  folar  fyf. 
tern,  has  been  conftantly  fubjed  to  a regular 
flux  and  reflux.  Thefe  motions,  which  happen 
twice  in  twenty-four  hours,  are  principally  oc- 
cafioned  by  the  adion  of  the  moon,  and  are 
greater  in  the  equatorial  regions  than  in  other  cli- 
mates. The  earth  likewife  performs  a rapid  mo- 
tion round  its  axis,  and,  confequently,  has  a centri- 
fugal force,  which  is  alfo  greateft  at  the  equator. 
This  laft  circumftance,  independent  of  adual 
obfervations,  proves,  that  the  earth  is  not  a per- 
fed  fphere,  but  that  it  muft  be  more  elevated 
under  the  equator  than  at  the  poles.  From  thefe 
two  combined  caufes,  the  tides,  and  the  motion 

* Proofs,  art.  XVII, 
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of  the  earth,  it  may  be  fairly  concluded,  that,  al- 
though this  globe  had  been  originally  a perfect 
fphere,  its  diurnal  motion,  and  the  ebbing  and 
flowing  of  the  tides,  mufl:  neceflarily,  in  a fuc- 
ceflion  of  time,  have  elevated  the  equatorial 
parts,  by  gradually  carrying  mud,  earth,  fand, 
Ihells,  &c.  from  other  climates,  and  depofiting 
them  at  the  equator*.  On  this  fuppofition,  the 
greateft  inequalities  on  the  furface  of  the  earth 
ought  to  be,  and,  in  fa£l,  are  found,  in  the 
neighbourhood  of  the  equator.  Befides,  as  the 
alternate  motion  of  the  tides  has  been  con- 
fiant and  regular  fince  the  exiftence  of  the 
world,  is  it  not  evident,  that,  at  each  tide,  the 
water  carries  from  one  place  to  another  a fmall 
quantity  of  matter  which  falls  to  the  bottom 
as  a fediment,  and  forms  thofe  horizontal  and 
parallel  flrata  that  every  where  appear  ? The 
motion  of  the  waters,  in  the  flux  and  reflux, 
being  always  horizontal,  the  matter  transported 
by  them  mufl  neceflarily  take  the  fame  parallel 
dire&ion  after  it  is  depofited. 

To  this  reafoning,  it  may  be  obje&ed,  that,  as 
the  flux  is  equal  to,  and  regularly  fucceeded  by, 
the  reflux,  the  two  motions  will  balance  each 
other;  or,  that  the  matter  brought  by  the  flux  will 
be  carried  back  by  the  reflux;  and,  confequently, 
that  this  caufe  of  the  formation  of  flrata  mufl 
be  chimerical,  as  the  bottom  of  the  ocean  can 
never  be  afledted  by  a uniform  alternate  motion 

* Proofs,  art.  XII. 
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of  the  waters;  far  lefs  could  this  motion  change 
its  original  ftruCture,  by  creating  heights,  and 
other  inequalities* 

But,  in  the  firft  place,  the  alternate  motion  of 
the  waters  is  by  no  means  equal;  for  the  fea 
has  a continual  motion  from  eaft  to  weft  : Be- 
fides,  the  agitations  occafioned  by  the  winds  pro- 
duce great  inequalities  in  the  tides.  It  will  like- 
wife  be  acknowledged,  that,  by  every  motion 
in  the  fea,  particles  of  earth,  and  other  mate- 
rials, muft  be  carried  from  one  place,  and  de- 
pofited  in  another;  and  that  thefe  collections 
of  matter  muft  a flu  me  the  form  of  parallel  and 
horizontal  ftrata.  Farther,  a well-known  fact 
will  entirely  obviate  this  objection.  On  all 
coafts,  where  the  ebbing  and  flowing  are  dif- 
cernible*,  numberlefs  materials  are  brought  in 
by  the  flux,  which  are  not  carried^back  by  the 
reflux.  The  fea  gradually  increafes  on  fome 
places,  and  recedes  from  others,  narrowing  its 
limits,  by  depofiting  earth,  fand,  fhelis,  &c. 
which  naturally  take  a horizontal  pofition. 
Thefe  materials,  when  accumulated  and  eleva- 
ted to  a certain  degree,  gradually  fhut  out  the 
water,  and  remain  for  ever  in  the  form  of  dry 
land. 

But,  to  remove  every  doubt  concerning  this 
important  point,  let  us  examine  more  clofely 
the  practicability  of  a mountain’s  being  formed 
at  the  bottom  of  the  fea,  by  the  motion  and  fe- 


* Proofs,  art.  XIX. 
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diments  of  the  water.  On  a high  coaft  which 
the  fea  wafhes  with  violence  during  the  flow, 
fome  part  of  the  earth  muft  be  carried  off  by 
every  ftroke  of  the  waves.  Even  where  the  fea  is 
bounded  by  rock,  it  is  a known  fad,  that  the 
flone  is  gradually  wafted  by  the  water*;  and 
confequently,  that  fmall  particles  are  carried  off 
by  the  retreat  of  every  wave.  Thofe  particles 
of  earth  or  flone  are  necefiarily  tranfported  to 
fome  diftance.  Whenever  the  agitation  of  the 
water  is  abated,  the  particles  are  precipitated  in 
the  form  of  a fediment,  and  lay  the  foundation 
of  a firft  ftratum,  which  is  either  horizontal,  or 
inclined,  according  to  the  fituation  of  the  fur- 
face  upon  which  they  fall.  This  ftratum  will 
foon  be  fucceeded  by  a fimilar  one,  produced 
by  the  fame  caufe;  and  thus  a confiderable 
quantity  of  matter  will  be  gradually  amafled, 
and  difpofed  in  parallel  beds.  In  procefs  of 
time,  this  gradually  accumulating  mafs  will  be- 
come a mountain  in  the  bottom  of  the  fea,  ex- 
adly  refembling,  both  in  external  and  internal 
ftrudure,  thofe  mountains  which  we  fee  on  the 
dry  land.  If  there  happened  to  be  {hells  in 
that  part  of  the  bottom  of  the  fea  where  we 
have  fuppofed  the  fediments  to  be  depofited, 
they  would  be  covered,  filled,  and  incorporated, 
with  the  depofited  matter,  and  form  a part  of 
the  general  mafs.  Thefe  {hells  would  be  lodged 
in  different  parts  of  the  mountains,  correfpond- 


* See  Shaw’s  travels. 
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ing  to  the  times  they  were  depofited.  Thofe 
which  lay  at  the  bottom,  before  the  fird  flratum 
was  formed,  would  occupy  the  lowed  dation; 
and  thofe  which  were  afterwards  depofited, 
would  be  found  in  the  more  elevated  parts. 

In  the  fame  manner,  when  the  bottom  of  the 
fea,  at  particular  places,  is  troubled  by  the  agi- 
tation of  the  waters,  earth,  clay,  {hells,  and  other 
matter,  mud  neceffarily  be  removed  from  thefe 
parts,  and  depofited  elfe  where.  For  we  are  af- 
fured  by  divers,  that  the  bottom  of  the  fea, 
at  the  greated  depths  to  which  they  defcend  *, 
is  fo  drongly  affected  by  the  agitation  of  the 
water,  that  earth,  clay,  and  diells,  are  removed 
to  great  didances.  Tranfportations  of  this  kind 
mud,  therefore,  be  condantly  going  on  in  every 
part  of  the  ocean;  and  the  matters  tranfported, 
after  fubfiding,  mud  uniformly  raife  eminences 
fimilar,  in  every  refpeft,  to  the  compofition  and 
dru&ure  of  our  mountains.  Thus  the  motions 
produced  by  the  flux  and  reflux,  by  winds  and 
currents,  mud  uniformly  create  inequalities  in 
the  bottom  of  the  ocean. 

Farther,  we  mud  not  imagine  that  thefe 
matters  cannot  be  carried  to  great  didances, 
fince  we  daily  find  grain,  and  other  productions 
of  the  Ead  and  Wed  Indies,  arriving  on  our 
coadsf.  Thefe  bodies  are,  indeed,  fpecificaliy 
lighter  than  water;  and  the  ether  fubdances 

* Boyle’s  works,  vol  3.  p.  232.  + Particularly  on  the 

coafts  of  Scotland  and  of  Ireland.  See  Ray’s  Diicourfes, 
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are  Specifically  heavier.  Still,  however,  as  they 
are  reduced  to  an  impalpable  powder,  they  may 
be  kept  long  fufpended  in  the  water,  and,  of 
courfe,  tranfported  to  any  diftance. 

It  has  been  conceived,  that  the  agitation  pro- 
duced by  the  winds  and  tides  is  only  fuperficial, 
and  affedts  not  the  bottom,  especially  when  it  is 
very  deep.  But  it  ought  to  be  remembered, 
that,  whatever  be  the  depth,  the  whole  mafs 
is  put  in  motion  by  the  tides  at  the  fame  time  ; 
and  that,  in  a fluid  globe,  this  motion  would  be 
communicated  even  to  the  centre.  The  power 
which  occafions  the  flux  and  reflux  is  penetrat- 
ing; it  adts  equally  upon  every  particle  of  the 
mafs.  Hence  the  quantity  of  its  force,  at  differ- 
ent depths,  may  be  determined  by  calculation. 
Indeed,  this  point  is  fo  certain,  that  it  admits 
not  of  difpute. 

We  cannot,  therefore,  hefitate  in  pronouncing, 
that  the  tides,  the  winds,  and  every  other  caufe 
of  motion  in  the  fea,  muft  produce  heights  and 
inequalities  in  its  bottom  ; and  that  thefe  emi- 
nences muft  uniformly  be  compofed  of  regular 
ftrata,  either  horizontal  or  inclined.  Thefe 
heights  will  gradually  augment;  like  the  waves 
which  formed  them,  they  will  mutually  refpedt 
each  other;  and  if  the  extent  of  the  bafe  be 
great,  in  a track  of  years  they  will  form  a vaft 
chain  of  mountains.  Whenever  eminences  are 
formed,  they  interrupt  the  uniform  motion  of 
the  waters,  and  produce  new  motions,  known 

by 
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by  the  name  of  currents.  Between  two  neigh- 
bouring heights  in  the  bottom  of  the  ocean, 
there  muff  be  a current*,  which  will  follow 
their  common  dire&ion,  and,  like  a river,  cut  a 
channel,  the  angles  of  which  will  be  alternately 
oppofite  through  the  whole  extent  of  its  courfe. 
Thefe  heights  mull  continually  increafe;  for, 
during  the  flow,  the  water  will  depofite  its  or- 
dinary fediment  upon  their  ridges,  and  the  wa- 
ters which  are  impelled  by  the  current  will  force 
along,  from  great  diftances,  quantities  of  matter, 
which  will  fubfide  between  the  hills,  and,  at  the 
fame  time,  fcoop  out  a valley  with  correfponding 
angles  at  their  foundation.  Now,  by  means  of 
thefe  different  motions  and  fediments,  the  bot- 
tom of  the  ocean,  though  formerly  fmooth, 
muff  foon  be  furrowed,  and  interfperfed  with 
hills  and  chains  of  mountains,  as  we  actually 
find  it  at  prefent.  The  foft  materials  of  which 
the  eminences  were  originally  compofed,  would 
gradually  harden  by  their  own  gravity.  Such 
of  them  as  confifted  of  fandy  and  cryftalline 
particles,  would  produce  thofe  enormous  mafles 
of  rock  and  flint  in  which  we  find  cryftals  and 
other  precious  (tones.  Others  compofed  of  (to- 
ny particles  mixed  with  (hells,  give  rife  to  thofe 
beds  of  lime-ftone  and  marble,  in  which  vaft 
quantities  of  fea  (hells  are  (till  found  incorpora- 
ted. Laftly,  all  our  beds  of  marble  and  chalk  have 
derived  their  origin  from  particles  of  (hells  mix- 

* Froofs,  art.  XIII. 
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ed  with  a pure  earth,  colleded  and  depofited  at 
particular  places  in  the  bottom  of  the  fea.  Ali 
thefe  fubftances  are  difpofed  in  regular  ftrata  ; 
they  all  contain  heterogeneous  matter,  and  vaft 
quantities  of  fea-bodies  fituated  nearly  in  pro- 
portion to  their  fpecific  gravities.  The  lighter 
fhells  are  found  in  chalk  ; the  heavier  in  clay 
and  lime-ftone.  Thefe  {hells  are  uniformly  fill- 
ed with  the  matter  in  which  they  are  found, 
whether  it  be  ftone  or  earth.  This  is  an  incon- 
teftible  proof,  that  they  have  been  tran fported 
along  with  the  matter  that  fills  and  furrounds 
them,  and  that  this  matter  was  then  in  the  form 
of  an  impalpable  powder.  In  a word,  ail  thofe 
fubftances,  the  horizontal  fituation  of  which  has 
arifen  from  the  waters  of  the  fea,  invariably  pre- 
ferve  their  original  pofition. 

It  may  here  be  objeded,  that  mod  hills,  the 
fummits  of  which  confift  of  folid  rocks,  or  of 
marble,  are  founded  upon  fmall  eminences, 
compofed  of  lefs  heavy  materials,  fuch  as  clav 
or  light  fand,  the  ftrata  of  which  commonly 
extend  over  the  neighbouring  plains.  If  the 
above  theory  be  juft,  what  could  bring  about  an 
arrangement  fo  fingular  fo  contrary,  to  the  laws 
of  gravity  ? But  this  phænomenon  admits 
of  a natural  and  eafy  explication.  The  wa- 
ters would  operate  firft  upon  the  upper  ftra- 
tum  either  of  coafts  or  the  bottom  of  the  fea: 
This  upper  ftratum  confifts  generally  of  clay  or 
fand  i and  thefe  light  fubftances,  being  carried 

off 
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\ off  and  depofited  previous  to  the  more  denfe  and 
folid,  they  would  of  courfe  form  fmall  eminen- 
ces, and  become  foundations  for  the  more  hea- 
vy particles  to  reft  upon.  After  the  light  fuper- 
ficial  fubftances  were  removed,  the  harder  and 
more  ponderous  would  next  be  fubjedled  to  the 
attrition  of  the  water,  reduced  to  a fine  powder, 
and  carried  off  and  depofited  above  the  hillocks 
of  fand  or  clay.  Thefe  fmall  ftony  particles 
would,  in  a fucceffion  of  ages,  form  thofe  folid 
rocks  which  we  now  find  on  the  tops  of  hills 
and  mountains.  As  particles  of  ftone  are  heavier 
than  fand  or  clay,  it  is  probable  that  they  were 
originally  covered  and  prefled  by  fuperior  ftrata 
of  confiderable  depth  ; but  that  they  now  oc- 
cupy the  higheft  ftations,  becaufe  they  were  laft 
tranfported  by  the  waves. 

To  confirm  this  reafoning,  let  us  inveftigate 
more  minutely  the  fituation  of  thofe  materials 
which  compofe  the  fuperfieial  part  of  the  globe, 
the  only  part  of  which  we  have  any  adequate 
knowledge.  The  different  ftrata  of  ftones  in 
quarries  are  almoft  all  horizontal,  or  regularly  in- 
clined. Thofe  founded  upon  hard  clay,  or 
other  folid  matter,  are  evidently  horizontal, 
efpeciallyin  plains.  The  difpofition  of  quarries, 
where  flint  or  brownifli  free-ftone  are  found  in 
detached  portions,  is  indeed  lefs  regular.  But 
even  here  the  uniformity  of  nature  is  not  inter- 
rupted ; for  the  horizontal  or  regularly  inclining 
pofition  of  the  ftrata  is  apparent  in  granite  and 

brown 


26  THEORY  OF  THE  EARTH. 

brown  free-ftone,  wherever  they  exift  in  large 
connected  maflfes.  This  pofition  is  univerfal, 
except  in  flint  and  brown  free-ftone  in  fmall 
detached  portions,  fubftances  the  formation  of 
which  we  fhall  demonftrafe  to  have  been  pofte- 
riorto  thofe  juft  now  mentioned.  The  ftrata  of 
granite,  vitrifiable  fand,  clays,  marbles,  calcare- 
ous ftones,  chalk,  and  marls,  are  always  pa- 
rallel or  equally  inclined.  In  thefe  the  original 
formation  is  eafily  difcoverable  ; for  the  ftrata 
are  exactly  horizontal,  and  very  thin,  being 
placed  above  each  other  like  the  leaves  of  a book. 
Beds  of  fand,  of  foft  and  hard  clay,  of  chalk, 
and  of  fhells,  are  likewife  either  horizontal  or 
uniformly  inclined.  Strata  of  every  kind  pre- 
ferve  the  fame  thicknefs  through  their  whole  ex- 
tent, which  is  often  many  leagues,  and  might,  by 
proper  obfervations,  be  traced  ftill  farther.  In 
a word,  the  difpofition  of  ftrata,  as  deep  as  man- 
kind have  hitherto  penetrated,  is  the  fame. 

Thofe  beds  of  fand  and  gravel  which  are 
wafhed  down  from  mountains,  muft,  in  fome 
meafure,  be  excepted  from  the  general  rule. 
They  are  fometimes  of  a confiderable  extent  in 
valleys,  and  are  fituated  immediately  under  the 
foil  or  firft  ftratum.  In  plains,  they  are  level, 
like  the  more  antient  and  interior  ftrata.  But 
near  the  bottom,  or  upon  the  ridges  of  hills, 
they  have  an  inclination  correfponding  to  that 
of  the  ground  upon  which  they  have  been  de- 
pofited.  As  thefe  beds  of  fand  and  gravel  are 
4 formed 
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formed  by  rivers  and  brooks,  which,  efpecially  in 
the  valleys,  often  change  their  channels,  it  is  not 
furprifing  that  fuch  beds  fhould  be  fo  frequent* 
A fmall  rivulet  is  fufficient,  in  a courfe  of  time, 
to  fpread  a bed  of  fand  or  gravel  over  a very 
large  valley.  In  a champaign  country,  furround- 
ed  with  hills,  whofe  bafes,  as  well  as  the  upper 
ftratum  of  the  plain,  confided  of  a hard  clay,  I 
have  often  obferved,  that,  above  the  origin  of 
the  brooks  or  rivers,  the  clay  was  fituated  imme- 
diately under  the  vegetable  ftratum  ; but,  in  the 
low  grounds,  there  was  a ftratum  of  fand,  about 
a foot  thick,  above  the  clay,  and  extending  to  a 
great  diftance  from  the  banks  of  the  rivers.  The 
ftrata  formed  by  rivers  are  not  very  antient;  they 
are  eafily  diftinguifhed  by  their  frequent  inter- 
ruptions, and  the  inequality  of  their  thicknefs. 
But  the  antient  ftrata  uniformly  preferve  the 
fame  dimenfions  through  their  whole  extent, 
Befides,  thefe  modern  ftrata  may  be  diftinguifti- 
ed,  with  certainty,  by  the  form  of  the  ftones  and 
gravel  they  contain,  which  bear  evident  marks 
of  having  been  rolled,  fmoothed,  and  rounded, 
by  the  motion  of  water.  The  fame  obfervation 
may  be  made  with  regard  to  thofe  beds  of  turf, 
and  corrupted  vegetables,  which  are  found  in 
marfhy  grounds,  immediately  below  the  foil  : 
They  have  no  claim  to  antiquity,  but  have  de- 
rived their  exiftence  from  fucceftive  accumula- 
tions of  decayed  trees,  and  other  plants.  The 
ftrata  of  flime,  or  mud,  which  occur  in  many 

places, 
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places,  are  alfo  recent  productions,  formed  by 
ftagnating  waters,  or  the  inundations  of  rivers. 
They  are  not  fo  exa&ly  horizontal,  nor  fo  uni- 
formly inclined,  as  the  more  antient  ftrata,  pro- 
duced by  the  regular  motions  of  the  fea^  In 
ftrata  formed  by  rivers,  we  meet  with  river, 
but  feldom  with  fea-fhells  ; and  the  few  which 
occur  are  broken,  detached,  and  placed  without 
order.  But,  in  the  antient  ftrata,  there  are  no 
river-fhells  ; the  fea-fhells  are  numerous,  well 
preferved,  and  all  placed  in  the  fame  manner, 
having  been  tranfported  and  depofited  at  the 
fame  time,  and  by  thè  fame  caufe.  From 
whence  could  this  beautiful  regularity  proceed  ? 
Inftead  of  regular  ftrata,  wThy  do  we  not  find 
the  matters  compofing  the  earth  huddled  to- 
gether without  order?  Why  are  not  rocks, 
marbles,  clays,  marls,  &c.  fcattered  promifcu- 
oufly,  or  joined  by  irregular  or  vertical  ftrata? 
Why  are  not  heavy  bodies  uniformly  found  in 
a lower  fituation  than  light  ones  ? It  is  eafy  to 
perceive,  that  this  uniformity  of  nature,  this 
fpecies  of  organization,  this  union  of  different 
materials  by  parallel  ftrata,  without  regard  to 
their  weights,  could  only  proceed  from  a caufe 
equally  powerful  and  uniform  as  the  motions 
of  the  fea,  produced  by  regular  winds,  by  the 
tides,  &c. 

Thefe  caufes  a Cl  with  fuperior  force  under 
the  equator  than  in  other  climates;  for  there 
the  tides  are  higher,  and  the  winds  more  unu 

form. 
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form.  The  mo  ft  extenfive  chains  of  mountains 
are  likewife  in  the  neighbourhood  of  the  equa- 
tor. The  mountains  of  Africa  and  Peru  are 
the  higheft  in  the  world,  often  extending 
through  whole  continents,  and  ftretching  to 
great  diftances  under  the  waters  of  the  ocean. 
The  mountains  of  Europe  and  Afia,  which  ex- 
tend from  Spain  to  China,  are  not  fo  elevated 
as  thofe  of  Africa  and  South  America.  Accord- 
ing to  the  relations  of  voyagers,  the  mountains 
of  the  north  are  but  fmall  hills,  when  compared 
with  the  mountains  of  the  equatorial  regions. 
Befides,  in  the  northern  feas,  there  are  few 
iflands  ; but,  in  the  Torrid  Zone,  they  are  in- 
numerable. Now,  as  iflands  are  only  the  fum- 
mits  of  mountains,  it  is  apparent,  that  there  are 
more  inequalities  on  the  furface  of  the  earth 
near  the  equator,  than  in  northerly  climates. 

Thofe  prodigious  chains  of  mountains  wThieh 
run  from  weft  to  eaft  in  the  Old  Continent,  and 
from  north  to  fouth  in  the  New,  muft  have  been 
formed  by  the  general  motion  of  the  tides.  But 
the  origin  of  the  lefs  confiderable  mountains 
and  hills  muft  be  afcribed  to  particular  mo- 
tions, occafioned  by  winds,  currents,  and  other 
irregular  agitations  of  the  fea  : Their  formation 
may,  indeed,  be  owing  to  a combination  of  all 
thefe  motions,  which  are  capable  of  infinite  va- 
riations ; for  the  winds,  and  the  fituation  of 
different  iflands  and  coafts,  conftantly  change 
the  natural  courfe  of  the  tides,  and  oblige  them 

to 
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to  run  in  every  poffible  direction.  It  is  not, 
therefore,  furprifing  to  fee  confiderable  eminen- 
ces which  have  no  determined  direction  in  their 
courfes.  But,  for  our  prefent  purpofe,  it  is  fuf- 
ficient  to  have  fhown,  that  mountains  have  not 
been  produced  by  earthquakes,  or  other  acci- 
dental caufes,  but  that  they  are  effedts  equally 
refulting  from  the  general  laws  of  nature,  as 
well  as  their  peculiar  ftrudture,  and  the  fituation 
of  the  materials  of  which  they  are  compofed. 

But  how  has  it  happened,  that  this  earth, 
which  we  and  our  anceftors  have  inhabited  for 
ages,  which,  from  time  immemorial,  has  been 
an  immenfe  continent,  dry,  compadt,  and  re- 
moved from  the  reach  of  the  water,  {hould,  if 
formerly  the  bottom  of  an  ocean,  be  now  ex- 
alted to  fuch  a height  above  the  waters,  and  fo 
completely  feparated  from  them  ? Since  the  wa- 
ters remained  fo  long  upon  the  earth,  why  have 
they  now  deferted  it  ? What  accident,  what 
caufe,  could  introduce  a change  fo  great  ? Is  it 
poffible  to  conceive  a caufe  poflefled  of  power 
fufficient  to  operate  fuch  an  amazing  effedt  ? 

Thefe  are  difficult  queftions.  But,  as  the 
fadts  are  incontrovertible,  the  precife  manner 
in  which  they  have  happened  may  remain  a fe- 
cret,  without  prejudice  to  the  conclufions  that 
ought  to  be  drawn  from  them.  A little  re- 
flection, however,  will  furnifh  us  at  leaft  with , 
plaufible  folutions  We  daily  obferve  the  fea 

* See  proofs,  art.  XIX. 
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gaining  ground  on  certain  coafts,  and  loling  it 
on  others.  We  know,  that  the  ocean  has  a 
general  and  uniform  motion  from  eaft  to  weft  ; 
that  it  makes  violent  efforts  againft  the  rocks 
and  the  low  grounds  which  encircle  it  ; that 
there  are  whole  provinces  which  human  induf- 
try  can  hardly  defend  from  the  fury  of  the 
waves  ; and  that  there  are  inftances  of  iflands 
which  have  but  lately  emerged  from  the  waters, 
and  of  regular  inundations.  Hiftory  informs 
us  of  inundations  and  deluges  of  a more  exten- 
five  nature.  Should  not  all  thefe  circumftances 
convince  us,  that  the  furface  of  the  earth  has 
experienced  very  great  revolutions,  and  that  the 
fea  may  have  actually  given  up  pofleffion  of 
the  greateft  part  of  the  ground  which  it  for- 
merly occupied  ? For  example,  let  us  fuppofe, 
that  the  Old  and  New  worlds  were  formerly  but 
one  continent,  and  that,  by  a violent  earth- 
quake, the  antient  Atalantis  of  Plato  was  funk. 
What  would  be  the  confequence  of  fuch  a 
mighty  re-volution  ? The  fea  would  neceffarily 
rufh  in  from  all  quarters,  and  form  what  is 
now  called  the  Atlantic  Ocean  ; and  vaft  con- 
tinents, perhaps  thofe  which  we  now  inhabit, 
would,  of  courfe,  be  left  dry.  This  great  revo- 
lution might  be  effeded  by  the  hidden  failure 
of  fome  immenfe  cavern  in  the  interior  part  of 
the  globe,  and  an  univerfal  deluge  would  infal- 
libly fucceed.  I fhould  rather  incline  to  think, 
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that  fuch  a revolution  would  not  be  fuddenly 
accomplifhed,  but  that  it  would  require  a very- 
long  period.  However  thefe  conjectures  Hand, 
it  is  certain,  that  fuch  a revolution  has  happened, 
and  I even  believe  that  it  happened  naturally  ; 
for,  if  a judgment  of  the  future  is  to  be  formed 
from  the  paft,  we  have  only  to  attend  carefully 
to  what  daily  paffes  before  our  eyes.  It  is  a fa£t, 
eftablifhed  by  the  repeated  obfervation  of  voya- 
gers, that  the  ocean  has  a confiant  motion  from 
eaft  to  weft.  This  motion,  like  the  trade-winds, 
is  not  only  perceived  between  the  tropics,  but 
through  the  whole  temperate  climates,  and  as 
near  the  poles  as  navigators  have  been  able  to 
approach.  As  a neceftary  confequence  of  this 
motion,  the  Pacific  Ocean  muft  make  continual 
efforts  againft  the  coafts  of  Tartary,  China,  and 
India  ; the  Indian  Ocean  muft  aft  againft  the 
eaft  coaft  of  Africa  ; and  the  Atlantic  muft  aCt 
in  a fimilar  manner  againft  all  the  eaftern  coafts 
of  America.  Hence  the  fea  muft  have  gained, 
and  will  always  continue  to  gain,  on  the  eaft,  and 
to  lofe  on  the  weft.  This  circumftance  alone 
would  be  fufficient  to  prove  the  poffibility  of  the 
change  of  fea  into  land,  and  of  land  into  fea.  If 
fuch  is  the  natural  effeCt  of  the  fea’s  motion  from 
eaft  to  weft,  may  it  not  reafonably  be  fuppofed, 
that  Afia,  and  all  the  eaftern  continent,  is  the 
mod  antient  country  in  the  world  ? and  that  Eu- 
rope, and  part  of  Africa,  efpecially  the  weft  parts 
of  thefe  continents,  as  Britain,  France,  Spain,  &c. 
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are  countries  of  a more  recent  date  ? Both  hif- 
tory  and  phyfics  concur  in  eftablifhing  this  hy~ 
pothefis. 

But,  befide  the  confiant  motion  of  the  fea 
from  eafl  to  weft,  other  caufes  concur  in  produ- 
cing the  effed  juft  mentioned.  There  are  many 
lands  lower  than  the  level  of  the  fea,  and  are  de* 
fended  by  a narrow  ifthmus  of  rock  only,  or  by 
banks  of  ftiil  weaker  materials  The  adion  of 
the  waters  muft  gradually  deftroy  thefe  barriers; 
and,  confequently,  fuch  lands  muft  then  become 
part  of  the  ocean.  Befides,  the  mountains  are 
daily  diminifhing,  part  of  them  being  conftantly 
carried  down  to  the  valleys  by  raiiis.  It  is  like- 
wife  well  known,  that  every  little  brook  carries 
earth,  and  other  matters,  from  the  high  grounds 
into  the  rivers,  by  which  they  are  at  laPc  trans- 
ported to  the  ocean.  By  thefe  means  the  bot- 
tom of  the  fea  is  gradually  filling  up,  the  fur- 
face  of  the  earth  is  approaching  to  a level,  and 
nothing  but  time  is  wanting  for  the  fea’s  fuccef- 
fively  changing  places  with  the  land. 

I fpeak  not  here  of  caufes  removed  beyond 
the  fphere  of  our  knowledge,  of  thofe  convul- 
fions  of  nature,  the  fiighteft  effort  of  which 
would  be  fatal  to  the  globe.  The  near  approach 
of  a comet,  the  abfence  of  the  moon,  or  the  in- 
trodudion  of  a new  planet  into  the  fyftem,  (Sec- 
are  fuppofitions  upon  which  the  imagination 
may  rove  at  large.  Caufes  of  this  kind  will 
produce  any  effed  we  choofe.  From  a fingle  hy~ 
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pothefis  of  this  nature,  a thoufand  phyfical  ro- 
mances might  be  cornpofed,  and  their  authors 
might  dignify  them  with  the  title  of  "Theory  of 
the  Earth . As  an  hiftorian,  I reject  thefe  vain 
fpeculations  : They  depend  upon  mere  poffibili- 
ties,  which,  if  called  into  aftion,  neceffarily  im- 
ply fuch  a devaftation  in  the  univerfe,  that  our 
globe,  like  a fugitive  particle  of  matter,  efcapes 
obfervation,  and  is  no  longer  worthy  of  our 
attention.  But,  to  give  confiftency  to  our  ideas, 
we  mufl  take  the  earth  as  it  is,  examine  its  dif- 
ferent parts  with  minutenefs,  and,  by  induftion, 
judge  of  the  future,  from  what  at  prefent  exifts. 
We  ought  not  to  be  affefted  by  caufes  which 
feldom  aft,  and  whofe  aftion  is  always  fudden 
and  violent.  Thefe  have  no  place  in  the  ordi- 
nary courfe  of  nature.  But  operations  uniform- 
ly repeated,  motions  which  fucceed  one  another 
without  interruption,  are  the  caufes  which  alone 
ought  to  be  the  foundation  of  our  reafoning. 

Some  examples  fhall  be  given  : We  lhall  com- 
bine particular  effefts  with  general  caufes,  and 
give  a detail  of  fafts,  which  will  illuftrate  and 
explain  the  different  alterations  that  the  earth 
has  undergone,  whether  by  irruptions  of  the  fea 
upon  the  land,  or  by  the  fea’s  retiring  from 
lands  which  it  formerly  covered. 

That  irruption  which  gave  rife  to  the  Medi- 
terranean * is  undoubtedly  the  greateft  j\  The 

* Proofs,  art.  XI.  and  XIX.  f Ray’s  Difcourfes, 

p.  209.  ; Plot.  Hift.  Nat.  &c. 
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ocean  runs  with  prodigious  rapidity  through  à 
narrow  paffage  between  two  promontories*,  and 
then  forms  a vaft  fea,  which,  exclufive  of  the 
Black  Sea,  is  about  feven  times  larger  than  the 
kingdom  of  France*  The  motion  through  the 
Straits  of  Gibraltar  is  contrary  to  the  motion  in 
every  other  fixait.  The  general  motion  of  the 
fea  is  from  eaft  to  weft  ; but,  in  the  Straits  of 
Gibraltar,  it  is  from  weft  to  eaft  ; an  incontef- 
tible  proof,  that  the  Mediterranean  Sea  is  not  an 
ancient  gulf,  but  that  it  has  been  formed  by  an 
irruption,  produced  by  fome  accidental  caufe, 
fuch  as  an  earthquake  fwa! lowing  up  the  bar-* 
rier,  or  a violent  effort  of  the  ocean,  occafioned 
by  the  wind,  and  forcing  its  way  through  the 
bank  between  the  two  promontories  of  Gibral- 
tar and  Ceuta.  This  opinion  is  fupported  by  the 
teftimony  of  the  ancients  f , who  inform  us,  that 
there  was  a time  when  the  Mediterranean  had 
no  exiftence.  It  is  likewife  confirmed  by  na-^ 
tural  hiftory,  and  by  obfervations  upon  the  fixa- 
ta  on  the  oppofite  coafts  of  Africa  and  Spain, 
where,  as  in  neighbouring  mountains,  the  beds 
of  earth  and  ftone  are  precifely  the  fame  at 
equal  levels. 

When  the  ocean  forced  this  paffage,  it  ran 
through  the  Straits  with  much  more  rapidity 
than  at  prefent,  and  inftantly  deluged  that  large 
tradt  of  land  which  formerly  joined  Europe  to 

* Phil.  Tranf.  abridged,  vol.  2.  p.  289.  f Diodorus 

Siculus,  Strabo. 
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Africa.  The  waters  covered  all  the  grounds 
which  were  lower  than  the  level  of  the  ocean  ; 
and  no  part  of  them  is  now  to  be  feen,  except 
the  tops  of  fome  of  the  mountains,  fuch  as  part 
of  Italy*  Sicily,  Malta,  Corfica,  Sardinia,  Cy- 
prus, Rhodes,  and  the  iflands  of  the  Archipe- 
lago. 

I have  not  mentioned  the  Black  Sea  as  an  ef- 
fect of  this  irruption  ; becaufe  the  quantity  of 
water  it  receives  from  the  Danube,  the  Nieper, 
the  Don,  and  other  rivers,  is  more  than  fuffi- 
cient  both  to  form  and  lupport  this  fea.  Befides, 
it  runs  with  great  rapidity  through  the  Bofpho- 
rus  into  the  Mediterranean  It  may  even  be 
luppofed  that  the  Black  and  Cafpian  Seas  were 
only  two  large  lakes,  which  were  perhaps  join- 
ed by  a narrow  communication,  or  rather  by  a 
morafs,  or  fmall  lake,  uniting  the  Don  and  the 
Wolga  about  Tria,  where  thefe  two  rivers  run 
very  near  each  other.  It  is  likewife  probable, 
that  thefe  two  feas,  ,or  lakes,  were  formerly  of 
a much  greater  extent  ; for  the  large  rivers 
which  fall  into  the  Black  and  Cafpian  Seas  mull 
have  gradually  brought  down  a quantity  of  earth 
and  fand  fufficient  to  flop  up  the  communication, 
and  to  form  that  neck  of  land  by  which  thefe 
two  feas  are  divided.  We  know,  that  large  ri- 
vers, in  a courfe  of  time,  block  up  feas,  and  form 
new  lands,  as  in  the  province  at  the  mouth  of 
the  Yellow  River  in  China  ; Louifiana  at  the 

* Phil.  Tranf,  abridged,  vol.  2.  p.  289. 
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mouth  of  the  Miffifippi  ; and  the  northern  part 
of  Egypt,  which  derived  its  exiftence  * from 
the  inundations  of  the  Nile  f . Such  quantities 
of  earth  are  brought  down,  by  the  rapidity  of 
the  Nile,  from  the  interior  parts  of  Africa,  and 
depofited  during  the  inundations,  that  you  may 
dig  fifty  feet  deep  before  you  can  reach  the  bot- 
tom of  the  flime  and  mud.  Louifiana,  and  the 
province  of  the  Yellow  River,  have,  in  the  fame 
manner,  been  originally  formed  by  the  flime  of 
rivers. 

Farther,  the  Cafpian  Sea  is  a real  lake.  It  has 
no  communication  with  any  other  fea,  not  even 
with  the  Lake  Aral,  which  appears  to  have  been 
a part  of  it,  being  only  feparated  by  a large 
tra<ft  of  fand,  in  which  neither  river  nor  canal 
for  carrying  off  the  waters  have  been  difcovered. 
This  fea,  therefore,  has  no  external  communica- 
tion with  any  other  ; and  I doubt  much  if  there 
is  any  reafon  to  fufpe<ft  a fubterraneous  commu- 
nication with  the  Black  Sea,  or  with  the  Gulf 
of  Perfia.  The  Cafpian,  it  is  true,  receives  the 
Wolga,  and  feveral  other  rivers,  which  appear 
to  furnifii  as  much  water  as  is  loft  by  evapora- 
tion. But,  independent  of  the  difficulties  attend- 
ing fuch  calculations,  if  it  communicates  with 
any  other  fea,  3 uniform  and  rapid  current  to- 
wards the  place  pf  communication  would  be  an 
infallible  confequence  ; but  nothing  of  this  kind 
}ias  yet  been  difcovered.  Travellers  of  the  beft 

f Proofs,  art.  XIX. 
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credit  aflure  us  of  the  contrary.  We,  therefore, 
conclude,  that  the  Cafpian  Sea  receives  juft  as 
much  water  from  the  rivers  and  clouds  as  it  lofes 
by  evaporation. 

It  is  not  improbable,  that  the  Black  Sea  will, 
in  time,  be  entirely  divided  from  the  Mediter- 
ranean ; and  that  the  Bofphorus  will  be  chok- 
ed up,  whenever  the  rivers  fhall  have  accumu- 
lated a fufficient  quantity  of  materials  to  bring 
about  that  effedt.  It  is  impoffihle  to  fix  the 
sera  of  this  event  ; but  time,  and  the  diminu- 
tion of  waters  in  rivers,  in  proportion  as  the 
mountains  are  lowered  by  the  caufes  mentioned 
above,  will  one  day  exhibit  this  phænomenou 
to  the  world. 

The  Cafpian  and  Black  Seas  fhould,  there- 
fore, be  confidered  rather  as  lakes  than  as  gulfs 
of  the  ocean  ; becaufe  they  exa&ly  referable 
other  lakes  which  receive  a number  of  rivers 
without  any  vifible  outlet,  as  the  Dead  Sea,  fe- 
veral  lakes  in  Africa,  and  elfewhere.  Beiides, 
the  faltnefs  of  thefe  two  feas  is  not  nearly  equal 
to  that  of  the  Mediterranean  or  of  the  ocean  ; 
and,  it  is  an  agreed  point,  that  the  navigation 
in  the  Cafpian  and  Black  Seas,  on  account  of 
their  numberlefs  fhbals,  rocks,  and  banks,  is  fo 
extremely  hazardous,  that  fmall  veffels  only  can 
be  ufed  in  them  with  fafety.  This  circumftance 
farther  proves,  that  thefe  feas  ought  not  to  be 
confidered  as  gulfs  of  the  ocean,  but  as  vaft  col- 
lections of  water  amaffed  by  large  rivers. 
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If  the  ifthmus  which  feparates  Africa  from 
Afia  were  cut,  it  would  neceflarily  create  a great 
irruption  of  the  fea  upon  the  land.  This  junc- 
tion was  formerly  projeded  by  the  Kings  of  E- 
gypt,  and  adopted  fmce  by  the  Califs.  I doubt 
whether  the  pretended  communication  between 
the  Red  Sea  and  Mediterranean  be  fufficiently 
eflablifhed.  The  Red  Sea  is  a narrow  branch  of 
the  ocean  : Through  its  whole  extent,  not  a 
fingle  river  runs  into  it  from  the  Egyptian  fide, 
and  very  few  from  the  oppofite.  This  fea  will 
not,  therefore,  be  fubjed  to  diminution,  like 
thofe  feas  or  lakes  which  are  adually  impaired 
by  the  flime  and  fand  brought  down  by  large 
rivers.  The  Red  Sea  receives  all  its  waters  di- 
redly  from  the  ocean,  and  the  motion  of  the 
tides  in  it  are  very  difcernible.;  of  courfe,  it  muft 
be  affeded  by  the  general  motions  of  the  ocean. 
The  Mediterranean,  on  the  other  hand,  muft 
be  lower  than  the  ocean  ; becaufe  the  current 
through  the  Straits  is  exceedingly  rapid.  Be- 
fides,  it  receives  the  Nile,  which  runs  parallel  to 
the  weft  coaft  of  the  Red  Sea,  and  paffes  through 
the  longeft  extent  of  Egypt,  which  is  a very  low 
country.  From  thefe  circumftances,  it  is  at  leaft 
probable,  that  the  Red  Sea  is  higher  than  the 
Mediterranean,  and,  confequently,  that,  if  the 
ifthmus  of  Suez  were  cut,  a great  inundation, 
and  a confiderable  augmentation  of  the  Mediter- 
ranean, would  enfue  ; efpecially  if  the  waters 
were  not  reftrained  by  dikes  and  fluices,  placed 
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at  proper  diftances.  This  precaution  was  pro- 
bably ufed,  if  ever  the  ancient  canal  fubfifted. 

But,  not  to  fpend  time  on  conje&ures,  which, 
however  well  founded,  may  perhaps  appear 
rafh,  we  fhall  give  fome  certain  and  recent  ex- 
amples of  the  changes  of  fea  into  land,  and  of 
land  into  fea*.  At  Venice,  the  bottom  of  the  fea 
is  conftantly  rifing  : If  the  canals  had  not  been 
carefully  kept  clean,  the  moats  and  city  would, 
long  ere  now,  have  formed  a part  of  the  conti- 
nent. The  fame  thing  may  he  faid  of  mod  har- 
bours, bays,  and  mouths  of  rivers.  In  Holland, 
the  bottom  of  the  fea  is  elevated  in  many  places  ; 
the  gulf  of  Zuderzee  and  the  ftraits  of  the  Tex- 
el  cannot  receive  fuch  large  veflels  as  formerly. 
At  the  mouth  of  almoft  every  river,  we  find  fmall 
iflands,  and  banks  of  earth  and  fand  brought 
down  from  the  higher  "grounds  ; and  it  is  in? 
controvertible,  that  the  fea  is  conftantly  dam- 
med up,  wherever  great  rivers  empty  themfelves. 
The  Rhine  is  loft  in  the  fands  which  itfelf  has 
accumulated.  The  Danube,  the  Nile,  and  all 
large  rivers,  after  having  tranfported  great  quan- 
tities of  flime,  fand,  &c.  never  more  arrive  at 
the  fea  by  a fingle  channel  ; they  fplit  into 
branches,  the  intervals  of  which  confift  of  the 
materials  which  they  themfelves  have  tranfport- 
ed. Marfhes  are  daily  drained  ; lands,  aban^ 
doned  by  the  fea,  are  now  plowed  and  fown;  we 
navigate  whole  countries  now  covered  by  the 
f Proofs,  art.  XIX. 
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Waters  ; in  a word,  we  fee  fo  many  inftances  of 
land  changed  into  water,  and  water  into  land, 
that  we  mil  ft  be  convinced  of  the  continual, 
though  flow,  progrefs  of  fuch  changes  in  all 
places.  Hence  the  gulfs  of  the  ocean  will  in 
time  become  continents  ; the  ifthmufes  will  be 
changed  into  ftraits  ; and  the  tops  of  the  moun- 
tains will  be  metamorphofed  into  fhoaly  rocks 
in  the  fea. 

The  waters,  therefore,  have  covered,  and  may 
ftill  cover,  every  part  of  the  earth  which  is  now 
dry.  Hence  our  aftonifhment  at  finding  the  pro- 
ductions of  the  fea  difperfed  every  where,  and  a 
compofition  of  bodies,  which  could  not  be  ef- 
fected by  any  other  means  than  the  operation  of 
the  waters,  ought  for  ever  to  ceafe.  We  have 
already  explained  how  the  horizontal  ftrata  of 
the  earth  were  formed.  But  thofe  perpendicular 
fiffures,  which  are  equally  diffufed  through  rocks, 
clays,  and  every  conftituent  material  of  the  globe, 
remain  to  be  confidered.  The  perpendicular  fif- 
fures are  indeed  placed  at  greater  diftances  from 
each  other  than  the  horizontal  ; and  the  fofter 
the  matter,  the  more  diftant  are  the  fiffures.  In 
marble  and  hard  ftone,  the  perpendicular  fiffures 
are  only  a few  feet  afunder.  If  the  mafs  of  rock 
be  extenfive,  the  diftance  betwixt  the  fiffures  is 
fome  fathoms:  Sometimes  they  extend  from  the 
fummit  to  the  bafe  of  the  rock,  and  fometimes 
fhey  terminate  after  arriving  at  a horizontal  fif- 
fure.  They  are  uniformly  perpendicular  in  the 
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ftrata  of  all  calcareous  fubftances,  as  chalk* 
marls,  marble,  &c.  But  they  are  more  oblique* 
and  lefs  regularly  fituated,  in  vitrefcent  bodies, 
brown  free-ftone,  and  rocks  of  flint,  where  they 
are  often  adorned  with  cryftals  and  other  mi- 
nerals. In  quarries  of  marble,  or  of  calcareous 
ftone,  the  fiflures  are  filled  with  fpar,  gypfum, 
gravel,  and  an  earthy  fand,  which  contains  a 
confiderable  portion  of  chalk.  In  marls,  and 
every  other  fpecies  of  earth,  except  fand-ftone, 
the  perpendicular  fiflures  are  either  empty,  or 
filled  with  fuch  matters  as  have  been  tranfported 
thither  by  water. 

The  caufe  of  perpendicular  fiflures  is  eafily 
inveftigated.  As  the  various  materials  which  con- 
ftitute  the  different  ftrata  were  tranfported  by 
the  waters,  and  depofited  in  the  form  of  fedi- 
ments,  they  would  at  firft  be  in  a very  diluted 
ftate,  and  would  gradually  harden  and  part  with 
the  fuperfluous  quantity  of  water  they  contained. 
In  the  procefs  of  drying,  they  would  naturally 
contract,  and  of  courfe  fplit  at  irregular  dil- 
tances.  Thefe  fiflures  neceffarily  affumed  a per- 
pendicular direction  ; becaufe,  in  this  direction, 
the  adtion  of  gravity  of  one  particle  upon 
another  is  equal  to  nothing  ; but  it  adts  diredt- 
ly  oppofite  in  a horizontal  fituation  : The  di- 
minution in  bulk  could  have  no  fenfible  effedt 
but  in  a vertical  line.  I fay,  the  contradtion  of 
the  parts  in  drying,  not  the  contained  water 
forcing  an  iffue,  as  has  been  alleged,  is  the  caufe 
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of  perpendicular  fiffures;  for  I have  often  re- 
marked, that  the  Tides  of  thefe  fiffures,  through 
their  whole  extent,  correfpond  as  exactly  as  the 
two  Tides  of  a fplit  piece  of  wood.  Their  fur- 
faces  are  rude  and  irregular.  But,  if  they  had 
taken  their  rife  from  the  motion  of  water,  they 
would  have  been  fmooth  and  poliihed.  Hence 
thefe  fiffures  muff  have  been  produced,  either 
fuddenly  or  gradually,  by  drying  and  contract- 
ing, like  the  cracks  and  fiffures  in  green  wood  ; 
and  the  greateft  part  of  the  water  the  bodies 
contained  muff  have  evaporated  through  the 
pores.  In  the  chapter  upon  minerals,  we  (hall 
demonfirate,  that  Tome  part  of  the  original  wa- 
ter ftill  remains  in  (tones  and  feveral  other  fub- 
ftances;  and  that  cryftals,  minerals,  and  Tome 
other  bodies,  owe  their  exiftence  to  this  water. 

Perpendicular  fiffures  vary  greatly  as  to  the 
extent  of  their  openings.  Some  are  about  half 
an  inch,  or  an  inch,  others  a foot,  or  two  feet  ; 
fome  extend  feveral  fathoms,  and  give  rife  to 
thofe  vaft  precipices  which  fo  frequently  occur 
between  oppofite  parts  of  the  fame  rocks  in  the 
Alps  and  other  high  mountains.  It  is  plain, 
that  the  fiffures,  the  openings  of  which  are  fmall, 
have  been  occafioned  folely  by  drying.  But 
thofe  which  extend  feveral  feet  are  partly  ow- 
ing to  another  caufe;  namely,  the  finking  of 
the  foundation  upon  one  fide,  while  that  of  the 
other  remained  firm.  If  the  bafe  finks  but  a line 
pr  two,  when  the  height  of  the  rock  is  confider- 

able, 
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able  an  opening  of  feveral  feet,  or  even  fa- 
thoms, vvill  be  the  confequence.  When  rocks 
are  founded  on  clay  or  fand,they  fometimes  flip 
a little  to  a fide;  and  the  filfures  are  of  courfe 
augmented  by  this  motion.  I have  not  hither- 
to mentioned  thofe  large  openings,  thofe  prodi- 
gious cuts,  which  are  to  be  met  with  in  rocks  and 
mountains:  Thefe  CQtjld  not  be  produced  by 
any  other  means  than  the  finking  of  immenfe 
fubterraneous  caverns  which  were  unable  longer 
to  fuftain  their  incumbent  load.  But  thefe  cuts 
or  intervals  in  mountains  are  not  of  the  fame 
nature  with  perpendicular  filfures  : They  ap- 
pear to  have  been  ports  opened  by  the  hand  of 
nature  for  the  communication  of  nations.  This 
feems  to  be  the  intention  of  all  large  openings 
in  chains  of  mountains,  and  of  thofe  ftraits  by 
which  different  parts  of  the  ocean  are  connect- 
ed ; as  the  Straits  of  Thermopylae,  of  Gibral- 
tar, &c.  ; the  gaps  or  ports  in  Mount  Caucafus, 
the  Cordeliers,  &c.  A fimple  feparation,  by  the 
drying  of  the  matter,  could  not  produce  this  ef- 
fect: Large  portions  of  earth  muft  have  been 
funk,  fwallowed  up,  or  thrown  down*. 

Thefe  great  finkings,  though  occafioned  by 
accidental  and  fecondary  caufesf,  are  leading 
fads  in  the  hiftory  of  the  earth,  and  have  con- 
tributed greatly  in  changing  the  appearance  of 
its  furface.  Moft  of  them  have  been  produced 
by  fubterraneous  fires,  the  explofions  of  which 

* Proofs,  art  XVII.  + Ibid. 
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give  rife  to  earthquakes  and  volcano’s.  The 
force  of  inflamed  matter,  fhut  up  in  the  bowels 
of  the  earth,  is  irrefiftible  *.  By  the  adion  of 
fubterraneous  fires,  whole  cities  have  been  fwal- 
lowed  up,  mountains,  and  large  tracts  of  court- 
try,  have  been  overturned  and  rendered  unfit 
for  the  habitation  of  men.  But,  though  this 
force  be  great,  though  its  effeds  appear  to  be 
prodigious,  we  cannot  afient  to  the  opinions  of 
fome  authors,  who  fuppofe  that  thefe  fubterra^ 
neous  fires  are  only  branches  of  an  immenfe 
abyfs  of  flame  in  the  centre  of  the  earth.  Nei- 
ther do  wp  credit  the  common  notion,  that  thefe 
fires  have  their  feat  at  a great  depth  below  the 
furface  ; for  matter  cannot  begin  to  burn,  or  at 
leaf!  the  inflammation  cannot  be  fupported,  with- 
out air.  In  examining  the  materials  which  ifiiie 
from  volcano’s,  even  in  their  moft  violent  erup- 
tions, it  is  eafy  to  perceive  that  the  furnace  is  not 
very  deep,  and  that  the  inflamed  fubftances  are 
the  fame  with  thofe  on  the  top  of  the  mountain, 
only  disfigured  by  calcination  and  the  melting 
of  the  metallic  particles  they  contain.  To  be 
convinced  that  the  matters  thrown  out  by  vol- 
cano’s come  not  from  any  confiderable  depth, 
wq  need  only  attend  to  the  height  of  the  moun- 
tain, and  confider  the  immenfe  force  which 
would  be  neceflary  to  projed  ftones  and  mine- 
rals to  the  height  of  half  a league  ; for  Ætna, 

* Agricola  de  rebus  quæ  e/Huunt  e terra.  Fhil.  Tranf. 
abrid.  vol.  ii.  p.  391.  Ra^’s  Difcourfes,  p.  272. 
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Hecla,  and  other  volcano’s,  have  at  leaft  thaï 
elevation. 

Now,  it  is  well  known  that  fire  ads  equally 
on  all  fides  ; it  cannot,  therefore,  ad  upwards 
with  a force  fufficient  to  throw  large  ftones  half 
a league  high,  without  an  equal  re-adion  on 
the  bafe  and  fides.  But  the  fides  of  the  moun- 
tain would  very  foon  be  pierced  and  blown  to 
pieces  by  this  re-adion  ; becaufe  the  materials 
of  which  it  conflits  are  not  more  denfe  or  firm 
than  thofe  which  are  projected.  How,  then,  can 
it  be  imagined,  'that  the  cavity,  which  mull  be 
considered  as  the  tube  or  cannon,  could  poffibly 
refill  a force  neceflary  to  raife  fiich  heavy  bodies 
to  the  mouth  of  the  volcano  ? Befides,  fuppofe 
the  cavity  deeper,  as  the  external  orifice  is  not 
great,  it  would  be  impoffible  for  fo  large  a 
quantity  of  liquid  and  burning  matters  to  iffue 
forth  at  a time,  without  clafhing  againft  each 
other,  and  againft  the  irregular  fides  of  the  ca- 
vity ; and,  in  paffing  through  fo  long  a fpace, 
they  would  be  in  danger  of  cooling  and  con- 
gealing. Rivers  of  melted  fulphur  and  bitu- 
men, projected  from  volcano’s  along  with  ftones 
and  minerals,  run  from  the  tops  of  the  moun- 
tains into  the  plains.  Is  it  natural  to  think, 
that  matter  fo  fluid,  fo  little  able  to  refill  violent 
adion,  could  be  projeded  from  a very  great 
depth  ? Every  obfervation  which  can  be  made 
on  this  lubjed  will  tend  to  prove,  that  the  fire 
in  volcano’s  is  not  very  diflant  from  the  tops  of 
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the  mountains,  and  never  defcends  fo  low  as 
the  level  of  the  plains 

This  account  of  volcano’s,  however,  is  not 
inconfiftent  with  their  being  the  caufe  of  confi- 
derable  earthquakes  ; neither  does  it  contradict 
the  communication  of  one  volcano  with  an- 
other, by  means  of  fubterraneous  paflages  j\  But 
the  depth  of  the  furnace  is  the  object  of  our 
prefent  inveftigation  ; and  it  cannot  be  very  dis- 
tant from  the  mouth  of  the  volcano.  To  pro- 
duce an  earthquake  in  a plain,  it  is  not  neceffary 
that  the  bottom  of  the  volcano  fhould  be  below 
the  level  of  that  plain,  nor  that  there  fhould  be 
fubterraneous  cavities  filled  with  the  fame  burn- 
ing matter  under  the  plain.  A violent  explo- 
fion,  with  which  eruptions  are  uniformly  ac- 
companied, may,  like  that  of  a powder-maga- 
zine, give  fuch  a concuffion  as  to  produce,  by 
its  re-adion,  an  earthquake  of  confiderable  ex- 
tent. 

I mean  not  to  fay  that  there  are  no  earth- 
quakes which  derive  their  exiftence  from  fub- 
terranean  fires  but  that  there  are  earthquakes 
produced  folely  by  the  explofion  of  volcano’s. 
In  confirmation  of  what  has  been  faid  upon  this 
iubjed,  volcano’s  feldom  or  never  appear  in 
plains  ; on  the  contrary,  their  mouths,  or  cra- 
ters, are  always  found  on  the  tops  of  the  high- 
eft  mountains.  If  the  fubterraneous  fire  of 

* Borelli  de  incendiis  Ætnæ.  f Phil.  Tranf.  abridged, 

vol.  ii.  p.392.  % Proofs,  art.  XVI. 
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volcano’s  ftretched  below  the  plains,  would  tiot 
new  paflages  be  opened  there  during  violent 
eruptions,  rather  than  in  the  tops  of  the  moun- 
tains, where  the  rêfiftance  is  greater  ? In  the 
firft  eruption,  would  it  not  have  been  eafier  to 
pierce  a plain,  than  a mountain  of  half  a league 
in  height  ? 

It  is  not  difficult  to  difcover  the  reafon  why 
volcano’s  appear  only  in  mountains.  Greater 
quantities  of  minerals,  fulphur,  and  pyrites,  ex- 
ift  in  mountains,  and  nearer  the  furface,  than  in 
plains.  The  mountains  have  likewife  this  far- 
ther advantage  ; they  are  more  fubjedt  to  the 
impreffions  of  the  air,  and  receive  more  rain  and 
tnoifture,  by  which  mineral  fubftances  are  ca- 
pable of  being  fermented  to  fuch  a degree  as  to 
produce  adtual  inflammation. 

To  conclude,  it  has  often  been  obferved,  that, 
after  violent  eruptions,  the  mountains  have  funk 
and  diminifhed,  nearly  in  proportion  to  the 
quantity  of  matter  thrown  out,  which  is  an- 
other proof  that  volcano’s  are  not  fo  deep  as  the 
bafe  of  the  mountains,  and  even  that  they  are 
not  much  below  the  fummit. 

In  many  places,  earthquakes  have  formed 
confiderable  hollows,  and  even  fome  large  gaps, 
in  mountains.  All  other  inequalities  are  coeval 
with  the  mountains  themfelves,  and  owe  their 
exiftence  to  currents  in  the  ocean  ; for,  in  every 
place  which  has  not  been  difturbed  by  accident- 
al convulfions,  the  ftrata  of  mountains  are  pa- 
rallel 
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fcallel,  and  their  angles  correfpond  *.  It  is  not 
difficult  to  diflinguifh  fubterraneous  caverns  and 
excavations  formed  by  volcano’s,  from  thofe 
produced  by  water.  The  latter  confiffc  only  of 
folid  rocks,  the  fand  and  clay  with  which  they 
were  formerly  filled  being  carried  off  by  the 
water,  which  is  the  origin  of  caverns  in  hills  ; 
for  thofe  found  in  plains  are  commonly  nothing 
but  old  pits  and  quarries,  like  the  falt-quarries 
of  Maeftricht,  the  mines  of  Poland,  &c.  But 
natural  caverns  are  proper  to  the  mountains  5 
the  fummit,  or  higher  parts,  furnifh  them  with 
water,  which  afterwards  iffues  out  to  the  fur- 
face  wherever  it  can  find  a paffage.  Thefe 
caverns  are  the  fources  of  fprings  and  rivers* 
When  a large  cavern  of  this  kind  is  fuddenly 
filled  up  by  the  falling  of  its  roof,  an  inunda- 
tion is  generally  the  confequence  j\ 

From  thefe  fads,  it  is  eafy  to  perceive  how 
much  fubterraneous  fires  have  contributed  to 
change  both  the  furface  and  internal  part  of  the 
globe.  This  caufe  has  power  fufficient  to  pro- 
duce very  great  *effeds.  But  it  is  difficult  to 
conceive  how  any  fenfible  alterations  upon  the 
land  can  be  introduced  by  the  winds  Their 
dominion  would  appear  to  be  confined  to  the 
fea'.  Indeed,  next  to  the  tides,  nothing  has  fuch 
a powerfql  influence  upon  the  waters  ; the  flux 
and  reflux  proceed  with  an  uniform  pace  ; their 

* Proofs,  art.  XVII.  f Phil.  Tranf.  abridged,  vol.  iL 
p.  322*  X Proofs,  art.  XV. 
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operations  are  always  the  fame  ; but  the  a£tiors 
of  the  winds  is  capricious  and  violent.  They 
rufh  on  with  irrefiftible  fury,  and  excite  fuch 
impetuous  commotions,  that  the  ocean,  from  a 
fmooth  and  tranquil  plain,  in  an  inflant  is  fur- 
rowed with  waves  which  emulate  the  height  of 
mountains,  and  dafh  themfelves  in  pieces  againft 
the  fhores.  The  furface  of  the  ocean  is  fubje<S 
to  confiant  alterations  from  the  winds.  But 
ought  not  the  furface  of  the  land,  which  has  fo 
folid  an  appearance,  ever  to  remain  uninfluenced 
by  a caufe  of  this  kind  ? It  is  confonant  to  ex- 
perience, however,  that  the  winds  raife  moun- 
tains of  fand  in  Arabia  and  Africa  ; that  they 
overwhelm  large  plains  wdth  it  ; and  that  they 
frequently  carry  thefe  fands  many  leagues  into 
the  fea,  where  they  accumulate  in  fuch  quanti- 
ties as  to  form  banks,  downs,  and  even  iflands** 
It  is  alfo  well  known,  that  hurricanes  are  the 
fcourge  of  the  Antilles,  of  Madagafcar,  and  of 
other  countries,  where  their  impetuofity  is  fo 
great,  that  they  fweep  away  trees,  plants,  and 
animals,  together  with  the  foil  which  nourifhed 
them.  They  drive  back,  they  annihilate,  rivers, 
and  produce  new  ones  ; they  overthrow  rocks 
and  mountains  ; they  fcoop  out  holes  and  gulfs 
in  the  earth,  and  totally  change  the  face  of 
thofe  unhappy  countries  which  give  birth  to 
them.  Happily,  few  climates  are  expofed  tO' 

* Bellarmin.  tie  afcen.  mentis  in  Deum.  Varen.  Geog. 
v.  282,  Voyag.  de  Pyrard,  tom.  i.  p.  476. 

the 


Theory  of  the  earth.  5I 

tlie  violence  of  thofe  dreadful  agitations  of  the 
air. 

But  the  greatefl:  changes  upon  the  furface  of 
the  earth  are  occafioned  by  rains,  rivers,  and  tor- 
rents from  the  mountains.  Thefe  derive  their 
origin  from  vapours  raifed  by  the  fun  from  the 
furface  of  the  ocean,  and  are  tranfported  by  the 
winds  through  every  climate.  The  progrefs  of 
thefe  vapours,  which  are  fupported  by  the  air, 
and  tranfported  at  the  pleafure  of  the  winds,  is 
interrupted  by  the  tops  of  the  mountains,  where 
they  accumulate  into  clouds,  and  fall  down  in 
the  form  of  rain,  dew,  or  fnow.  At  firft,  thefe 
Waters  defcended  into  the  plains  without  any 
fixed  çourfe*  ; but  they  gradually  hollowed  out 
proper  channels  for  themfelves.  By  the  power 
of  gravity,  they  ran  to  the  bottom  of  the  moun- 
tains, and,  penetrating  or  diifolving  the  lower 
grounds,  they  carried  along  with  them  fand  and 
gravel,  cut  deep  furrows  in  the  plains,  and  thus 
opened  paffages  to  the  fea,  which  always  receives 
as  much  water  by  rivers  as  it  lofes  by  evapora- 
tion. The  windings  in  the  channels  of  rivers 
have  uniformly  correfponding  angles  on  their 
oppofite  banks  ; and  as  mountains  and  hills, 
which  may  be  regarded  as  the  banks  of  the  val- 
leys by  which  they  are  feparated,  have  likewife 
finuofities  with  correfponding  angles,  this  cir- 
cumftance  fee  ms  to  demonftrate,  that  the  valleys 
have  been  gradually  formed  by  currents  of  the 

* See  proofs,  art,  X.  and  XVIII. 
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ocean,  in  the  fame  manner  as  the  channels  of 
rivers  have  been  produced. 

The  waters  which  run  upon  the  furface,  and 
fupport  the  verdure  and  fertility  of  the  foil, 
compofe  not  perhaps  one  half  of  the  quantity 
that  is  produced  by  vapour.  Numberlefs  veins 
of  water  fink  deep  into  the  bowels  of  the  earth. 
In  fome  places,  you  are  certain  of  obtaining 
water  by  digging-  in  others,  none  can  be  found. 
In  almoft  all  the  valleys  and  low  grounds,  at  a 
certain  depth,  water  is  uniformly  to  be  met 
with.  But,  in  all  high  grounds,  it  is  impoffible 
to  extrad  water  from  the  bowels  of  the  earth. 
It  mull  be  collected  from  the  heavens.  There 
are  extenfive  countries  where  no  wells  can  be 
obtained  : There  men,  and  other  animals,  are 

fupplied  with  drink  from  cifterns  and  pools.  In 
the  eaft,  and  efpècially  in  Arabia,  Egypt,  and 
Perfia,  wells  and  fprings  are  great  and  valuable 
rarities.  To  fupply  their  place,  the  inhabitants 
have  been  obliged  to  make  large  refervoirs  to 
colled;  the  water  that  falls  from  the  heavens. 
Thefe  works,  projeded  and  executed  from  public 
necefiity,  conftitute  the  mod  beautiful  and  mag- 
nificent monuments  of  the  eaft.  Some  eaftern 
refervoirs  have  more  than  two  fquare  leagues  of 
fuperficies,  and  fertilize  whole  provinces  by 
numberlefs  duds  and  canals  let  out  from  all  fides. 
But,  in  plain  countries,  furniffied  with  large  ri- 
vers, it  is  impoffible  to  break  the  furface  of  the 
earth  without  finding  water.  In  camps  fituated  in 
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the  neighbourhood  of  rivers,  it  often  happens 
that  every  tent  may  have  its  own  well,  by  giv- 
ing a few  ftrokes  with  a pick-ax. 

Moil  of  the  water,  fo  liberally  diffufed  through 
low  grounds,  comes  from  the  neighbouring  hills 
and  eminences.  During  great  rains,  or  the  fud- 
den  melting  of  fnow,  part  of  the  water  runs 
upon  the  furface  ; but  mo  ft  of  it  penetrates  the 
earth  and  rocks,  by  means  of  fmall  chinks  and 
fiffures.  This  water  rifes  again  to  the  furface, 
whenever  it  can  find  an  iftue  ; but  it  often  drills 
through  fands,  and  creeps  along  till  it  finds  a 
bottom  of  clay,  or  hard  earth,  and  there  forms 
fubterraneous  lakes,  brooks,  and  perhaps  rivers, 
of  which  the  channels  are  for  ever  buried  in  ob- 
livion. Subterraneous  rivers,  however,  muft 
follow  the  general  law  of  nature,  and  uniformly 
run  from  the  higher  to  the  lower  ground. 
Their  waters  muft  of  courfe  either  fall  at  laft 
into  the  fea,  or  be  collected  in  fome  low  place, 
whether  at  the  furface  or  in  the  bowels  of  the 
earth  : For  there  are  feveral  lakes  which  neither 
receive  nor  give  rife  to  any  river.  A ftill  greater 
number  receive  no  confiderable  river,  but  are 
the  fources  of  the  largeft  rivers  on  earth  ; as  the 
lakes  from  which  the  river  St.  Lawrence  iffues  ; 
the  lake  Chiamè,  from  which  two  large  rivers 
arife,  that  water  the  kingdoms  of  Afem  and 
Pegu  ; the  lakes  of  Aftiniboil  in  America  ; thofe 
pi  Ozera  in  Mufcovy;  thofe  that  give  rife  to 
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the  Rog  and  the  Irtis,  and  many  others*.  It 
is  plain,  that  thefe  lakes  muft  derive  their  exift- 
ence  from  the  waters  of  fuperior  grounds,  run- 
ning through  fubterraneous  paffages.  Some, 
indeed,  have  affirmed,  that  lakes  are  to  be  met 
with  on  the  tops  of  the  higheft  mountains.  But 
this  is  incredible;  for  the  lakes  found  on  the 
Alps,  and  other  elevated  fituations,  are  all  over- 
topped by  higher  mountains,  and  derive  their 
origin  from  the  waters  which  run  down  the 
fides,  or  are  filtered  through  the  bowels  of  thefe 
fuperior  eminences,  in  the  fame  manner  as  the 
lakes  in  valleys  are  fupplied. 

From  this  reafoning,  the  exiftence  of  fubter- 
raneous collections  of  water,  efpecially  under 
large  plains,  is  apparent  f : For  mountains,  hills, 
and  heights  of  every  kind,  are  expofed  on  all 
fides  to  the  weather.  The  waters  which  fall 
upon  their  fummits,  and  upon  elevated  plains, 
after  penetrating  the  earth,  muft,  from  the  de- 
clivity of  the  ground,  break  out  at  many  places 
in  the  form  of  fprings  and  fountains  : Of  courfe, 
little  water  will  be  found  in  the  bowels  of  moun- 
tains. But,  in  plains,  as  the  water  filtrated 
through  the  earth  can  find  no  iflue,  it  muft  be 
collected  in  fubterraneous  caverns,  or  difperfed 
in  fmall  veins,  among  fand  and  gravel.  This  is 
the  origin  of  the  water  fo  univerfally  diffufed 
through  low  grounds.  The  bottom  of  a pit,  or 
well,  is  only  a fmall  artificial  bafon,  into  which 
* Proofs,  art.  XI.  f Proofs,  art.  XVIII. 
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the  water  infirmâtes  itfelf  from  the  higher 
grounds.  At  firft  it  generally  falls  in  by  drops; 
but  afterwards,  when  the  paflages  become  more 
open,  it  receives  frefh  fupplies  from  greater  di- 
ftances,  and  runs  in  fmall  continued  veins  or 
rills.  To  this  circumftance  it  is  owing,  that 
although  water  may  be  found  in  any  part  of  a 
plain,  only  a certain  number  of  wells  can  be  fup- 
plied.  This  number  is  in  proportion  to  the 
quantity  of  water  diffufed,  or  rather  to  the  ex- 
tent of  the  higher  grounds  from  which  it  comes. 

To  find  water,  it  is  unneceffary  to  dig  below 
the  level  of  a river.  It  is  commonly  found  at 
fmaller  depths.  The  water  of  rivers  feldom 
fpreads  far  in  the  earth  by  filtration.  Even 
what  is  found  in  the  earth,  below  the  level  of 
rivers,  is  not  derived  from  them  ; for,  in  rivers 
which  have  been  dried  up,  or  whofe  courfes  have 
been  changed,  no  greater  quantity  of  water  is 
obtained  by  digging,  than  in  the  neighbouring 
ground  at  an  equal  depth.  Five  or  fix  feet  of 
earth  is  fufficient  to  contain  water,  and  to  pre- 
vent its  efcape:  I have  often  remarked,  that  the 
banks  of  rivulets  or  pools  have  no  fenfible 
moifture  at  the  diftance  of  fix  inches  from  the 
water.  It  is  true,  the  filtration  is  always  in 
proportion  to  the  penetrability  of  the  ground. 
But,  upon  examining  the  ftagnating  pools  with 
a fandy  bottom,  it  is  remarkable  that  the  moi- 
fture fpreads  but  a few  inches.  Neither  is  the 
extent  of  it  great  in  a vegetable  foil,  which  is 
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much  more  loofe  and  porous  than  fand  or  hard 
earth.  A garden-bed,  though  plentifully  wa- 
tered, communicates  little  or  no  moiflure  to  thofe 
adjoining.  I have  examined  level  heaps  of  gar- 
den-earth, of  fix  or  eight  feet  thick,  which  had 
remained  undifturbed  for  fome  years,  and  found 
that  the  rain-water  had  never  reached  above 
three  or  four  feet  deep.  I have  made  the  fame 
obfervation  upon  earth  which  had  lain  200  years 
in  ridges  : Below  the  depth  of  three  or  four  feet, 
it  was  as  dry  as  duft.  Hence  the  fpreading  of 
water,  by  filtration  alone,  is  not  fo  extenfive  as 
has  generally  been  imagined.  Very  little  can 
defcend  in  this  way  to  the  bowels  of  the  earth. 
But  water,  by  its  own  gravity,  defcends  from 
the  furface  to  the  greateft  depths.  It  finks 
through  natural  conduits,  or  forces  paflages  for 
itfelf  : It  follows  the  roots  of  trees,  the  fiffures 
of  rocks,  or  interftices  in  the  earth.  It  divides 
and  expands  on  all  hands  into  an  infinite  num- 
ber of  fmall  branches  or  rills  ; and  uniformly 
defcends  till  its  progrefs  is  flopped  by  clay  or  a, 
folid  earth,  where  it  accumulates  and  breaks  out 
to  the  furface  in  form  of  a fpring  or  fountain. 

It  would  be  no  eafy  talk  to  make  an  exaél 
calculation  of  the  quantity  of  fubterraneous  wa- 
ters which  have  no  apparent  iffue*.  Many  au- 
thors pretend  that  it  greatly  furpaffes  all  the  wa- 
ters on  the  furface  : Not  to  mention  thofe  whQ 
think  that  the  interior  part  of  the  globe  is  ems 

* Proofs,  art.  X.  XI.  and  XVIII. 
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tirely  filled  with  water,  it  is  imagined  by  fome, 
that  there  is  an  infinite  number  of  rivers,  rills, 
'and  lakes,  in  the  bowels  of  the  earth.  But  this 
opinion  feems  to  have  no  proper  foundation  ; 
and  it  is  probable,  that  the  quantity  of  fubter- 
raneous  waters,  which  never  appear  at  the  fur- 
face,  is  very  inconfiderable;  for,  if  the  number 
of  fubterraneous  rivers  were  fo  great,  Why  do 
we  never  fee  any  of  their  mouths  break  out, 
like  fprings,  on  the  furface  ? Befides,  rivers  pro- 
duce confiderable  changes  on  the  furface  of  the 
earth;  they  carry  off  the  foil  ; they  wear  away 
the  mofl  folid  rocks,  and  remove  every  thing 
that  oppofes  their  paffage.  The  fame  effeds 
would  refait  from  fubterraneous  rivers.  But 
no  fuch  changes  have  ever  been  difcovered  ; no- 
thing below  the  furface  is  difplaced  ; the  differ- 
ent ftrata  every  where  preferve  their  parallel 
and  primitive  pofition;  and  it  is  only  in  very 
few  places  that  fubterraneous  veins  of  water,  of 
any  confideration,  have  been  difcovered.  Thus, 
the  internal  operation  of  water  is  not  great; 
but,  as  it  is  divided  into  an  infinity  of  finall 
veins,  which  are  often  fhut  up  by  numberlefs 
obflacles,  it  gives  rife  to  many  fubftances,  which 
are  totally  different,  both  in  form  and  ftrudure, 
from  thofe  of  the  primitive  matter. 

From  what  has  been  advanced,  we  may  con- 
clude, that  the  flux  and  reflux  of  the  ocean  have 
produced  all  the  mountains,  valleys,  and  other 
inequalities  on  the  furface  of  the  earth  ; that 
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currents  of  the  fea  have  fcooped  out  the  valleys, 
elevated  the  hills,  and  bellowed  on  them  their 
correfponding  directions  ; that  the  fame  waters 
of  the  ocean,  by  tranfporting  and  depofiting 
earth,  &c.  have  given  rife  to  the  parallel  ftrata; 
that  the  waters  from  the  heavens  gradually  dé- 
flroy  the  effects  of  the  fea,  by  continually  di- 
minishing the  height  of  the  mountains,  filling 
up  the  valleys,  and  choaking  the  mouths  of  ri- 
vers ; and,  by  reducing  every  thing  to  its  for- 
mer level,  they  will,  in  time,  reftore  the  earth 
to  the  fea,  which,  by  its  natural  operations,  will 
again  create  new  continents,  interfperfed  with 
mountains  and  valleys,  every  way  Similar  to 
£hofe  which  we  now  inhabit. 


PROOFS 


THEORY  of  the  EARTH, 


Of  the  Formation  of  Planets , 

S natural  hiflory  is  our  proper  fubjefl:,  we 


would  willingly  difpenfe  with  aftronomi- 
cal  obfervations.  But,  as  the  earth  is  fo  nearly 
related  to  the  heavenly  bodies,  and,  as  obferva- 
tions of  this  kind  illuftrate  more  fully  thofe  doc- 
trines we  have  already  advanced,  it  is  neceflary 
to  give  fome  general  ideas  concerning  the  for- 
mation, motion,  and  figure,  of  the  earth,  and 
other  planets. 

The  earth  is  a globe  of  about  3000  leagues  in 
diameter  ; it  is  fituated  30  million  of  leagues 
from  the  fun,  round  which  it  revolves  in  365 
days.  This  annual  revolution  is  the  effect  of 
two  forces  ; the  one  may  be  confidered  as  an 
impulfe  from  right  to  left,  or  from  left  to  right  ; 


OF  THE 


ARTICLE  I. 


11 


the 


6o 


OF  THE  FORMATION 


the  other  as  an  attradion  from  above  down- 
wards, or  from  below  upwards,  to  a common 
centre.  The  diredion  and  quantity  of  thefe 
forces  are  combined,  and  fo  nicely  adjufted,  that 
they  produce  a uniform  motion  in  an  ellipfe  ap- 
proaching to  a circle.  Like  the  other  planets, 
the  earth  is  opaque,  throws  out  a fhadow,  and 
refleds  the  rays  of  the  fun,  about  which  it  re- 
volves in  a time  proportioned  to  its  relative  dis- 
tance and  denfity.  It  likewife  revolves  about; 
its  own  axis  in  24  hours  ; and  its  axis  is  inclined 
to  the  plane  of  its  orbit  66~  degrees.  Its  figure 
is  that  of  a fpheroid,  the  twTo  axes  of  which  dif- 
fer from  each  other  about  an  165th  part;  and 
it  revolves  round  the  fhorteft  axis. 

Thefe  are  the  principal  phænomena  of  the 
earth,  the  refults  of  difcoveries  made  by  means 
of  geometry,  aftronomy,  and  navigation.  It  is 
unneceffary  here  to  enumerate  the  proofs  and 
obfervations  by  which  thefe  fads  have  been  ef- 
tablifhed.  We  fhall  confine  our  remarks  to  fuch 
objeds  as  are  ft  ill  doubtful  ; and  fhail  therefore 
proceed  to  give  our  ideas  concerning  the  forma- 
tion of  planets,  and  the  changes  they  have  un- 
dergone, previous  to  their  arriving  at  the  ftate  in 
which  we  now  perceive  them.  To  the  many 
fyftems  and  hypothefes  which  have  been  framed 
concerning  the  formation  of  the  earth,  and  the 
different  fiâtes  it  has  paffed  through,  we  may  be 
allowed  to  add  our  own  conjedures,  efpecially 
as  we  are  determined  to  fupport  them  with  a 
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fuperior  degree  of  probability  ; and  we  are  the 
more  encouraged  to  deliver  our  notions  on  this 
fubjedl,  becaufe  we  hope  to  enable  the  reader  to 
diftinguifh  between  an  hypothefis  which  confifts 
only  of  poffibilities,  and  a theory  fupported  by 
fadts  ; between  a fyftem,  fuch  as  we  are  about 
to  give,  of  the  formation  and  primitive  ftate  of 
the  earth,  and  a phyfical  hiftory  of  its  real  con- 
dition, which  has  been  delivered  in  the  prece- 
ding difcourfe. 

Galileo  traced  the  laws  of  falling  bodies  ; and 
Kepler  obferved,  that  the  areas  which  the  prin- 
cipal planets  defcribe  in  moving  round  the  fun, 
and  thofe  of  the  fatellites  round  their  principal 
planets,  were  proportioned  to  the  periods  of 
their  revolutions,  and  that  thefe  periods  were 
as  the  fquare  roots  of  the  cubes  of  their  diftances 
from  the  fun,  or  from  the  principal  planets. 
Newton  difcovered  that  the  power  of  gravity 
extended  to  the  moon,  and  retained  it  in  its  or- 
bit ; that  the  force  of  gravity  diminifhed  in  ex- 
adl  proportion  to  the  fquares  of  the  diftances, 
and,  confequently,  that  the  moon  is  attradTed  by 
the  earth  ; that  the  earth,  and  all  planets,  are 
attradled  by  the  fun  ; and,  in  general,  that  all 
bodies  which  revolve  about  a centre,  and  de- 
fcribe areas  proportioned  to  the  periods  of  their 
revolution,  are  attradled  by  that  luminary.  Gra- 
vity, therefore,  is  a general  law  of  nature.  The 
planets,  comets,  the  fun,  the  earth,  are  all  fub- 
jedt  to  its  laws  ; and  it  is  the  fource  of  that  har- 
mony 
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mony  which  prevails  in  the  univerfe.  Nothing 
in  phyfics  is  better  eftablifhed  than  the  exiftence 
of  this  power  in  every  material  body.  Repeat- 
ed experience  has  confirmed  the  effedts  of  its 
influence,  and  the  labour  and  ingenuity  of  geo- 
meters have  determined  its  quantity  and  rela- 
tions. 

This  general  law  being  once  difcovered,  the 
effects  of  it  would  be  eafiiy  explained,  if  the  ac- 
tion of  thofe  bodies  which  produce  them  were 
not  too  complicated.  A flight  view  of  the  folar 
fyftem  will  convince  us  of  the  difficulties  which 
attend  this  fubjedl.  The  principal  planets  are 
attradted  by  the  fun,  the  fun  by  the  planets,  the 
fatellites  by  the  principal  planets,  and  each  pla- 
net attra&s  all  the  others,  and  is  attracted  by 
them.  All  thefe  actions  and  re-adtions  vary 
according  to  the  quantities  of  matter  and  the  dis- 
tances, and  give  rife  to  great  inequalities,  and 
even  irregularities.  How  are  fo  many  relations 
to  be  combined  and  eftimated  ? Among  fuch  a 
number  of  objedts,  how  is  it  poffible  to  trace 
any  individual  ? Thefe  difficulties,  however, 
have  been  furmounted  ; the  reafonings  of  the- 
ory have  been  confirmed  by  calculation  ; every 
obfervation  has  produced  a new  demonftration  ; 
and  the  fyftematic  order  of  the  univerfe  is  now 
laid  open  to  every  man  who  is  able  to  diftinguifh 
truth  from  error. 

The  force  of  impulfion,  or  what  is  common- 
ly called  the  centrifugal  force,  is  ftill  unknown  ; 

but 
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but  it  affeCts  not  the  general  theory.  It  is  evi- 
dent, that,  as  the  attractive  force  continually 
draws  all  the  planets  towards  the  fun,  they 
would  fall  in  a perpendicular  line  into  that  lu- 
minary, if  they  were  not  kept  at  a diftance  by 
fome  other  power,  forcing  them  to  move  in  a 
ftraight  line.  If,  again,  this  impulfive  force 
were  not  counteracted  by  that  of  attra&ion,  all 
the  planets  would  fly  off  in  the  tangents  of  their 
refpeCtive  orbits.  This  progreflive  or  impulfive 
force  was  unqueftionably  at  firft  communicated 
to  the  planets  by  the  Supreme  Being.  But,  in 
phyfical  fubjeCts,  we  ought,  as  much  as  poffible^ 
to  avoid  having  recourfe  to  fupernatural  caufes  ; 
and,  I imagine,  a probable  reafon  may  be  af- 
figned  for  the  impulfive  force  of  the  planets, 
which  will  be  agreeable  to  the  laws  of  mecha- 
nics, and  not  more  furprifing  than  many  revolu- 
tions that  muff  have  happened  in  the  univerfe. 

The  fphere  of  the  fun’s  attraction  is  not  limit- 
ed by  the  orbits  of  the  planets,  but  extends  to 
an  indefinite  diftance,  always  decreafing  accord- 
ing as  the  fquares  of  the  augmented  diftances. 
The  comets,  it  is  evident,  which  efcape  our  fight 
in  the  heavenly  regions,  are,  like  the  planets, 
fubjeCt  to  the  attraction  of  the  fun,  and  by  it 
their  motions  are  regulated.  All  thefe  bodies,  the 
directions  of  which  are  fo  various,  move  round 
the  fun,  and  deferibe  areas  proportioned  to  their 
periods,  the  planets  in  ellipfes,  more  or  lefs  cir- 
cular, and  the  comets,  in  narrow  ellipfes  of  vaft 
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extent.  The  motions,  therefore,  both  of  planets 
and  comets,  are  regulated  by  impulfive  and  at- 
tractive forces  continually  aCting  upon  them* 
and  obliging  them  to  defcribe  curves.  But  it  i& 
worthy  of  remark,  that  comets  run  through  the 
fyftem  in  all  directions  ; that  the  inclinations  of 
the  planes  of  their  orbits  are  fo  very  different* 
that  though,  like  the  planets,  they  be  fubjeCt  to 
the  law  of  attraction,  they  have  nothing  in  com- 
mon with  regard  to  their  progreffive  or  impul- 
five motions,  but  appear,  in  this  refpeCt,  to  be 
abfolutely  independent  of  each  other.  The  pla- 
nets, on  the  contrary,  move  round  the  fun  in 
the  fame  direction,  and  nearly  in  the  fame 
plane,  the  greateft  inclination  of  their  planes 
not  exceeding  degrees.  This  fimilarity  in 
the  pofition  and  motion  of  the  planets  indicates, 
that  their  impulfive  and  centrifugal  forces  muft 
have  originated  from  one  common  caufe. 

May  we  not  conjecture,  that  a comet  falling 
into  the  body  of  the  fun  might  drive  off  fome 
parts  from  its  furface,  and  communicate  to 
them  a violent  impulfive  force,  which  they  (fill 
retain  ? This  conje&ure  appears  to  be  as  well 
founded  as  that  df  Mr  Leibnitz,  which  fuppofed 
the  earth  and  planets  to  have  formerly  been 
funs  ; and  his  fyftem,  of  which  an  abridgment 
will  be  given  in  Art.  V.  would  have  been  more 
comprehenfive,  and  more  confonant  to  proba- 
bility, if  it  had  embraced  the  above  idea.  We 
agree  with  him,  that  this  effeCl  was  produced  at 

the 
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the  time  when  God  is  faid  by  Mofes  to  have  fe- 
parated  the  light  from  the  darknefs;  for,  accord- 
ing to  Leibnitz,  the  light  was  feparated  from 
the  darknefs  when  the  planets  were  extinguifh- 
ed.  But,  on  our  fuppofition,  there  was  a real 
phyfical  feparation  ; becaufe  the  opaque  bodies 
of  the  planets  were  detached  from  the  luminous 
piatter  of  which  the  fun  is  compofed*. 

This  notion  concerning  the  caufe  of  the  cen- 
trifugal force  of  the  planets  will  appear  to  be 
lefs  exceptionable,  after  we  have  collected  the 
analogies,  and  eftimated  the  degrees  of  probabi- 
lity by  which  it  may  be  fupported.  We  fhali 
firft  mention,  that  the  motion  of  the  planets 
have  one  common  direction,  namely,  from  weft 
to  eaft.  By  the  dodrine  of  chances,  it  is  eafy 
to  demonftrate,  that  this  circumftance  makes  it 
as  64  to  1,  that  the  planets  could  not  at  all  move 
in  the  fame  diredion,  if  their  centrifugal  forces 
had  not  proceeded  from  the  fame  caufe. 

This  probability  will  be  greatly  augmented, 
if  we  confider  the  fimilarity  in  the  inclinations 
of  the  planes  of  their  orbits,  which  exceed  not 
74  degrees;  for,  by  calculations,  it  has  been  dif- 
covered,  that  it  is  24  to  1 againft  any  two  pla- 
nets being  found,  at  the  fame  time,  in  the  mo  ft 
diftant  parts  of  their  orbits  ; and,  confequently, 
24%  or  7692624  to  1,  that  this  effed  could  not 

* If  the  Count  de  Buffon  had  known,  that  the  nucleus  of  the 
fun  was  folid  and  opaque  matter,  a difco very  lately  made  by 
the  ingenious  Dr.  Wilfon  of  Glafgow,  his  hypothecs  would  have 
laboured  under  fewer  difficulties, 

VOL.  I.  E be 


66 


OF  THE  FORMATION 

be  produced  by  accident  ; or,  what  amounts  to 
the  fame,  there  is  this  great  degree  of  probabi- 
lity, that  the  planets  have  been  impreffed  with 
one  common  moving  force,  from  which  they 
have  derived  this  Angular  pofition.  But  no- 
thing could  beftow  this  common  centrifugal 
motion,  except  the  force  and  direction  of  the 
bodies  by  which  it  was  originally  communicat- 
ed. We  may,  therefore,  conclude,  that  all  the 
planets  have  probably  received  their  centrifugal 
motion  by  one  Angle  ftroke.  Having  eftablilh- 
ed  this  degree  of  probability,  which  almoft 
amounts  to  a certainty,  I next  inquire  what  mov- 
ing bodies  could  produce  this  effect  ; and  I can 
And  nothing  but  comets  capable  of  communicat- 
ing motion  to  fuch  vaft  maffes. 

Upon  examining  the  courfe  of  comets,  it  is 
eafy  to  believe  that  fome  of  them  mufi:  occa- 
Aonally  fall  into  the  fun.  The  comet  1680  ap- 
proached fo  near,  that,  at  its  perihelion,  it  was 
not  more  diftant  from  the  fun  than  a Axteenth 
part  of  his  diameter  ; and,  if  it  returns,  which 
is  extremely  probable,  in  the  year  22 55,  it  may 
then  fall  into  the  fun.  This  event  muft  depend 
upon  the  accidents  it  meets  with  in  its  courfe, 
and  the  retardations  it  fuffers  in  paffing  through 
the  fun’s  atmofphere*. 

We  may,  therefore,  prefume,  with  the  great 
Newton,  that  comets  fometimes  fall  into  the 
fun.  But  they  may  fall  in  different  directions. 

* See  Newt.  edit.  3.  p.  525. 
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If  they  fall  perpendicularly,  or  in  a direction 
not  very  oblique,  they  will  remain  in  the  body 
of  the  fun,  ferve  the  purpofes  of  fewel,  and,  by 
their  impulfe,  remove  the  lun  from  his  place, 
in  proportion  to  the  quantity  of  matter  they 
contain*.  But,  if  a comet  falls  in  a very  ob- 
lique direction,  which  will  moft  frequently 
happen,  it  will  only  graze  the  furface,  or  pene- 
trate to  no  great  depth.  In  this  cafe,  it  may 
force  its  way  paft  the  fun,  detach  certain  por- 
tions of  his  body,  to  which  it  will  communicate 
a common  impulfive  motion  ; and  thefe  portions 
pufhed  off  from  the  fun,  and  even  the  comet 
itfelf,  may  turn  planets,  which  will  revolve 
round  this  luminary  in  the  fame  dire&ion,  and 
nearly  in  the  fame  plane.  A calculation,  per- 
haps, might  be  made  of  the  quantity  of  matter, 
velocity,  and  direction,  a comet  ought  to  have, 
in  order  to  force  from  the  fun  mafles  equal  to 
thofe  which  compofe  the  fix  planets  and  their 
fatellites.  But  it  is  fufficient  here  to  obferve, 
that  the  whole  planets,  with  their  fatellites, 
make  not  a 650th  part  of  the  fun’s  mafsf;  for 
although  the  denfity  of  Saturn  and  Jupiter  be 
lefs  than  that  of  the  fun,  and  though  the  earth 
be  four  times,  and  the  moon  near  five  times, 
more  denfe  than  the  fun  ; yet  they  are  only 
atoms  when  compared  to  his  immenfe  volume. 

* Quær.  Would  not  fuch  an  event,  by  augmenting  the  fun’s 
quantity  of  matter,  and,  confequently,  his  attractive  power,  pro- 
duce other  changes  in  the  folar  fyftem  ? f See  Newt.  p.  405. 
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It  muft  be  acknowledged,  that,  although  â 
650th  part  of  a whole  may  feem  inconfiderable, 
it  would  require  a very  large  comet  to  detach 
this  part  from  the  fun.  But,  if  we  confider  the 
prodigious  rapidity  of  comets  in  their  perihelion; 
the  near  approach  they  make  to  the  fun  ; the 
denfity  and  flrong  cohefion  of  parts  necef- 
fary  to  fuftain,  without  deftru&ion,  the  incon- 
ceivable heat  they  Undergo;  and  the  folid  and 
brilliant  nucleus  which  fhines  through  their  dark 
atmofpheres  ; it  cannot  be  doubted  that  comets 
are  compofed  of  matters  extremely  denfe  and 
folid;  that  they  contain,  in  fmall  limits,  a great 
quantity  of  matter;  and,  confequently,  that  a 
comet  of  no  enormous  fize  may  remove  the  fun 
from  his  place,  and  give  a projectile  motion  to 
a mafs  of  matter  equal  to  the  650th  part  of 
his  body.  This  remark  correfponds  with  what  we 
know  concerning  the  refpeCtive  denfities  of  the 
planets,  which  always  decreafe  in  proportion  to 
their  distances  from  the  fun,  having  lefs  force  of 
heat  to  refill.  Accordingly,  Saturn  is  lefs  denfe 
than  Jupiter,  and  Jupiter  much  lefs  than  the 
earth.  Thus,  if  the  denfity  of  the  planets,  as 
Newton  alleges,  be  in  proportion  to  the  quan- 
tity of  heat  they  fupport,  Mercury  will  be  feven 
times  denfer  than  the  earth,  and  28  times  denfer 
than  the  fun,  and  the  comet  1680,  28,000  times 
more  denfe  than  the  earth,  or  112,000  times 
denfer  than  the  fun.  Now,  fuppofingthe  quan- 
tity of  matter  in  this  comet  to  be  equal  to  a 
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ninth  part  of  the  fun,  or  allowing  it  to  he  only 
loodth  part  of  the  bulk  of  the  earth,  its  quan- 
tity of  matter  would  ftill  be  equal  to  a 900th 
part  of  the  fun  : Hence  a body  of  this  kind, 
which  would  be  but  a lmall  comet,  might  pufh 
off  from  the  fun  a 900th  or  a 650th  part,  efpe- 
cially  when  the  amazing  rapidity  of  comets,  in 
their  perihelion,  is  taken  into  the  calculation. 
The  correfpondence  between  the  denfity  of 
the  whole  planets,  and  that  of  the  fun,  deferves 
alfo  to  be  noticed.  Upon,  and  near  the  furface 
of  the  earth,  there  are  fubftances  1400  or  1500 
times  denfer  than  others;  the  denfities  of  air 
and  gold  are  nearly  in  this  proportion.  But  the 
interior  parts  of  the  earth  and  planets  are  more 
uniform,  and  differ  little  with  regard  to  denfity; 
and  the  correfpondence  in  the  denfity  of  the 
planets  and  that  of  the  fun  is  fo  great,  that,  out 
of  650  parts,  which  comprehend  the  whole 
denfity  of  the  planets,  there  are  more  than  640 
nearly  of  the  fame  denfity  with  the  folar  mat- 
ter; and  there  are  only  ten  of  thole  650  which 
are  of  a fuperior  denfity  ; for  the  denfity  of  Sa- 
turn and  Jupiter  is  nearly  the  fame  with  that 
of  the  fun  ; and  the  quantity  of  matter  in  thofe 
two  planets  is  at  leaft  64  times  greater  than 
what  is  contained  in  the  four  inferior  planets. 
Mars,  the  Earth,  Venus,  and  Mercury.  We 
may,  therefore,  conclude,  that,  in  general,  the 
matter  pf  the  planets  is  very  nearly  of  the  farqe 
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kind  with  the  folar  matter,  and,  of  courfe,  that 
the  former  may  have  been  feparated  from  the 
latter. 

To  this  theory  it  may  be  objected,  that,  if  the 
planets  had  been  driven  off  from  the  fun  by  a 
comet,  in  place  of  defcribing  circles  round  him, 
they  muft,  according  to  the  law  of  projediles, 
have  returned  to  the  fame  place  from  whence 
they  had  been  forced?  and,  therefore,  that  the 
projedile  force  of  the  planets  cannot  be  attribu- 
ted to  the  impulfe  of  a comet. 

I reply,  that  the  planets  ifiued  not  from  the 
fun  in  the  form  of  globes,  but  in  the  form  of 
torrents,  the  motion  of  whofe  anterior  particles 
muft  have  been  accelerated  by  thofe  behind,  and 
the  attradion  of  the  anterior  particles  would  al- 
fo  accelerate  the  motion  of  the  pofterior  ; and 
that  this  acceleration,  produced  by  one  or  both 
of  thefe  caufes,  might  be  fuch  as  would  neceffa- 
rily  change  the  original  motion  arifing  from  the 
impulfe  of  the  comet,  and  that,  from  this  caufe, 
might  refult  a motion  fimilar  to  what  takes  place 
in  the  planets,  efpecially  when  it  is  confidered, 
that  the  (hock  of  the  comet  removes  the  fun 
out  of  its  former  ftation.  This  reafoning  may 
be  illuftrated  by  an  example.  Suppofe  a mufket- 
ball  difcharged  from  the  top  of  a mountain, 
and  that  the  force  of  the  powder  was  fufficient 
to  pufh  it  beyond  a femidiameter  of  the  earth, 
it  is  certain  that  this  ball  would  revolve  round 
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the  earth,  and  return  at  every  revolution  to  the 
place  from  whence  it  had  been  difcharged.  But, 
inftead  of  a mufket-ball,  if  a rocket  were  em- 
ployed, the  continued  adion  of  the  fire  would 
greatly  accelerate  the  original  impulfive  motion. 
This  rocket  would  by  no  means  return  to  the' 
fame  point,  like  the  ball  ; but,  cater  is  paribus , 
would  defcribe  an  orbit,  the  perigee  of  which 
would  be  more  or  lefs  diftant  from  the  earth  in 
proportion  to  the  greatnefs  of  the  change  pro- 
duced in  its  diredion  by  the  accelerating  force 
of  the  fire.  In  the  fame  manner,  if  the  original 
projedile  force  imprefled  by  the  comet  on  the 
torrent  of  folar  matter  was  accelerated,  it  is  pro- 
bable, that  the  planets  formed  by  this  torrent 
acquired  their  prefent  circular  or  elliptical  move- 
ments around  the  fun. 

The  appearances  exhibited  in  great  eruptions 
from  volcano’s  may  give  fome  idea  of  this  acce- 
leration of  motion.  When  Vefuvius  begins  to 
groan  and  throw  out  inflamed  matter,  it  has  been 
often  remarked,  that  the  motion  of  the  cloud 
firft  ejeded  is  flower  than  the  fucceeding  ones, 
and  that  they  go  on  increafing  in  celerity,  till  at 
laft  fulphur,  lava,  melted  metal,  and  huge  ftones 
are  thrown  up;  and  that,  though  thefe  obferve 
nearly  the  fame  diredion,  they  alter  confider- 
ably  that  of  the  firft  cloud,  and  elevate  it  to  a 
greater  height  than  it  would  otherwife  have 
reached. 
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The  objection  will  be  ftill  farther  obviated,  if 
it  is  confidered,  that  the  impulfe  of  the  comet 
mull,  in  fome  degree,  have  communicated  a mo- 
tion to  the  fun,  and  removed  it  from  its  former 
fituation;  and  that,  although  this  motion  may- 
now  be  fo  fmall  as  to  efcape  the  notice  of  aftro- 
nomers,  it  may  ftill,  however,  exift,  and  make 
the  fun  defcribe  a curve  round  the  centre  of  gra- 
vity of  the  fyftem.  If  this  be  allowed,  as  I pre- 
fume it  will,  the  planets,  inftead  of  returning  to 
the  fun’s  body,  would  defcribe  orbits,  the  peri- 
helions  of  which  would  be  as  diftant  from  the 
fun  as  the  fpace  that  he  prefently  occupies  is 
diftant  from  his  original  ftation. 

It  may  be  farther  objected,  that,  if  motion 
be  accelerated  in  the  fame  diredion,  no  change 
in  the  perihelion  could  take  place.  But  is  it 
credible,  that  no  change  of  diredion  can  hap- 
pen in  a torrent  whofe  particles  fucceed  each 
other  ? On  the  contrary,  it  is  extremely  pro- 
bable, that  a change  was  adually  produced  fuf- 
ficient  to  make  the  planets  move  in  their  prefent 
orbits. 

It  may  ftill  be  objeded,  that,  if  the  fituation 
of  the  fun  had  been  changed  by  the  ftiock  of  a 
comet,  it  would  move  uniformly;  and,  of  courfe, 
this  motion  being  common  to  the  whole  fyftem, 
no  alteration  would  be  efieded.  But,  previous 
to  the  fhock,  might  not  the  fun  move  round 
the  centre  of  the  cometary  fyftem  ; and  might 
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not  this  primary  motion  be  augmented  or  dimi- 
nifhed  by  the  ftroke  of  the  comet  ? Is  not  this 
fufficient  to  account  for  the  adtual  motion  of 
the  planets  ? 

If  none  of  thefe  fuppofitions  be  admitted,  may 
it  not  be  prefumed,  that  the  elafticity  of  the  fun 
might  elevate  the  torrent  above  his  furface,  in 
place  of  pufhing  it  diredtly  forward  ? This  cir- 
cumftance  alone  would  be  fufficient  to  remove 
the  perihelion,  and  endow  the  planets  with  their 
prefent  movements.  Neither  is  this  fuppofition 
deftitute  of  foundation:  The  folar  matter  maybe 
exceedingly  elaftic  ; fmce  light,  the  only  part 
of  it  we  are  acquainted  with,  feems,  by  its  ef- 
fects, to  be  perfectly  elaftic.  I acknowledge 
that  I cannot  determine  which  of  the  caufes 
above  affigned  has  actually  produced  an  altera- 
tion in  the  projedtile  force  of  the  planets  ; but 
they  at  leaft  fhow  that  fuch  a change  is  not  on- 
ly poffible,  but  probable,  which  is  enough  for 
my  prefent  purpofe. 

Without  farther  infilling  on  the  objections 
which  may  be  made  againft  my  hypothefis,  or 
the  analogical  proofs  that  might  be  brought  in 
fupport  of  it,  I (hall  profecute  my  fubjedt,  and 
draw  the  proper  conclufions.  Let  us  firft  exa- 
mine what  might  happen  to  the  planets,  and  par- 
ticularly to  the  earth,  when  they  were  impreffed 
with  their  projedtile  forces,  and  what  was  their 
ftate  after  their  reparation  from  the  body  of  the 
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fun.  A projedile  motion  having  been  commu- 
nicated, by  the  ftroke  of  a comet,  to  a quantity 
of  matter  equal  to  a 650th  part  of  the  fun’s 
mafs,  the  light  particles  would  feparate  from  the 
denfe,  and,  by  their  mutual  attradions,  form 
globes  of  different  folidities.  Saturn  being  com- 
pofed  of  the  largeft  and  lighted:  parts,  would  be 
removed  to  the  greateft  diftance  from  the  fun  ; 
Jupiter,  being  denfer  than  Saturn,  would  have 
a nearer  Ration  ; and  fo  of  the  reft.  The  largeft 
and  lead:  folid  planets  are  mod:  diftant,  becaufe 
they  received  a greater  projectile  force  than  the 
fmaller  and  denfer  ; for  the  projedile  force  be- 
ing proportioned  to  the  furface  to  which  it  is 
applied,  the  fame  ftroke  tvould  make  the  larger 
and  lighter  parts  of  the  folar  matter  move  with 
more  rapidity  than  the  fmaller  and  heavier. 
The  parts,  therefore,  which  differed  in  denfity, 
would  feparate  from  each  other  in  fuch  a man- 
ner, that,  if  the  denfity  of  the  folar  matter  be 
equal  to  100,  that  of  Saturn  will  be  equal  to 
67,  of  Jupiter,  ~ 94?,  of  Mars,  zz  200,  of  the 
Earth,  — 400,  of  Venus,  = 800,  of  Mercury, 
= 2800.  But,  as  the  attradive  force  ads  not 
in  proportion  to  the  furface,  but  to  the  quantity 
of  matter,  it  would  retard  the  progrefs  of  the 
more  denfe  parts  of  the  folar  matter  ; and  it  is 
for  this  reafon  that  we  find  the  mod:  denfe  pla- 
nets neared:  the  fun,  and  which  move  round 
him  with  more  rapidity  than  thofe  that  are 
more  diftant,  and  lels  denfe. 
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The  denfity  and  proj edile  motion  of  Saturn 
and  Jupiter,  the  two  largeft  planets  in  the  fyftem, 
have  the  moft  exaCt  proportion.  The  denfity 
of  Saturn  is  to  that  of  Jupiter  as  67  to  94I,  and 
their  velocities  are  nearly  as  884  to  1 20  L,  or  as 
67  to  9014*  How  rarely  do  pure  conje&ures 
correfpond  fo  exactly  to  the  phænomena  of  na- 
ture ? It  is  true,  according  to  this  relation  be- 
tween the  celerity  and  denfity  of  the  planets, 
the  denfity  of  the  earth  ought  not  to  exceed 
206-/-8-,  inftead  of  400,  which  is  its  real  denfity; 
hence  it  may  be  fuppofed,  that  the  earth  has  now 
double  its  original  denfity.  With  regard  to  the 
other  planets,  Mars,  Venus,  and  Mercury,  as 
their  denfities  are  only  conjectural,  we  know 
not  whether  this  circumftance  would  confirm  or 
weaken  our  hypothefis.  Newton  fays,  that  the 
denfities  of  the  planets  are  proportioned  to  the 
degrees  of  heat  they  are  expofed  to  ; and  it  is 
in  confequence  of  this  idea  that  we  have  men- 
tioned Mars  as  being  one  time  lefs  denfe  than 
the  earth,  Venus  one  time,  Mercury  feven  times, 
and  the  comet  1680,  28,000  times  denfer  than 
the  earth.  But,  if  we  attend  to  Saturn  and  Ju- 
piter, the  two  principal  planets,  we  will  find, 
that  this  fuppofed  proportion  between  the  den- 
fities of  the  planets,  and  the  heat  they  fuftain,  is 
not  well  founded  : For,  according  to  this  hy- 

pothefis, the  denfity  of  Saturn  would  be  as  4X7T> 
and  that  of  Jupiter  as  144.4,  inftead  of  the  pro- 
portions of  67  and  941 5 differences  fo  great  as 
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to  deflroy  the  principles  upon  which  they  are 
founded.  Thus,  notwithftanding  the  regard  due 
to  the  conjectures  of  Newton,  I cannot  refrain 
from  thinking  that  the  denfities  of  the  planets 
have  a nearer  relation  to  their  celerities  than  to 
the  degrees  of  heat  to  which  they  are  expofed. 
This,  indeed,  is  only  a final  caufe  ; but  the  other 
is  a phyfical  relation,  the  exadtnefs  of  wThich  is 
remarkable  in  Saturn  and  Jupiter.  It  is  certain, 
however,  that  the  denfity  of  the  earth,  inftead 
of  being  206-J-,  is  400  ; and,  confequently,  the 
earth  muft  have  buffered  a condenfation  in  the 
proportion  of  2064  to  400. 

But  have  the  condenfations  of  the  planets  no 
relation  to  the  quantity  of  folar  heat  they  fuf- 
tain  ? In  that  cafe,  Saturn,  which  is  at  the 
greateft  diftance  from  the  fun,  would  have  buf- 
fered little  or  no  condenfation  ; and  Jupiter 
would  be  condenfed  from  9044  to  94I.  Now, 
the  fun’s  heat  in  Jupiter  being  to  his  heat  in  the 
earth  as  1444  to  400,  their  condenfation  ought 
to  be  in  the  fame  proportion.  Thus,  if  Jupiter 
,be  condenfed  as  9044  to  941,  the  earth,  if  it 
had  been  in  the  orbit  of  Jupiter,  would  have 
been  condenfed  from  2064  to  21 544*44;  but  the 
earth  being  much  nearer  the  fun,  and  receiving 
heat,  in  proportion  to  that  of  Jupiter,  as  400  to 
1414,  the  quantity  of  condenfation  it  would 
have  undergone  in  the  orbit  of  Jupiter  muft  be 
multiplied  by  the  proportion  of  400  to  1444, 
which  will  give  nearly  2344-  for  the  condenfa- 
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tion  the  earth  mult  have  received.  The  den- 
fity of  the  earth  was  2064  ; by  adding  its  ac- 
quired condenfation,  its  aCtual  denfity  will  be 
400?-,  which  is  nearly  the  fame  with  400,  its 
real  denfity  determined  by  the  moon’s  parallax. 
With  regard  to  the  other  planets,  I pretend  not 
to  give  exaCt  proportions,  but  only  approxima- 
tions, tending  to  fhew,  that  their  denfities  have 
a ftrong  connection  with  the  celerity  of  their 
motions  in  their  refpeCtive  orbits. 

The  comet,  by  falling  obliquely  on  the  fun, 
as  mentioned  above,  muft  have  forced  off  from 
his  furface  a quantity  of  matter  equal  to  a 650th 
part  of  his  body.  This  matter,  being  in  a li- 
quid ftate,  would  at  firft  form  a torrent,  of 
which  the  largeft  and  rareft  parts  would  fly  to 
the  greateft  diftanees  ; the  fmaller  and  more 
denfe,  having  received  only  an  equal  impulfe, 
would  remain  nearer  the  fun;  his  power  of  at- 
traction would  operate  upon  all  the  parts  de- 
tached from  his  body,  and  make  them  circulate 
round  him  ; and,  at  the  fame  time,  the  mutual 
attraction  of  the  particles  of  matter  would  caufe 
all  the  detached  parts  to  affume  the  form  of 
globes,  at  different  diftanees  from  the  fun,  the 
nearer  moving  with  greater  rapidity  in  their  or- 
bits than  the  more  remote. 

But  it  may  be  objected,  that,  if  the  planets 
had  been  detached  from  the  fun,  they  muft 
have  been  burning  and  luminous,  not  cold 
and  opaque  bodies  ; nothing  can  have  lefs  rô- 
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femblance  to  a globe  of  fire  than  a globe  com- 
pofed  of  earth  and  water;  and,  by  comparifon, 
the  matter  of  the  earth  is  totally  different  from 
that  of  the  fun. 

It  may  be  replied  to  this  objection,  that  the 
matter  changed  its  form  after  its  feparation,  and 
that  the  fire,  or  light,  was  extinguifhed  by  the 
projedile  motion  communicated  by  the  ftroke. 
Befides,  may  it  not  be  fuppofed,  that  the  fun,  or 
a burning  ftar,  moving  with  a rapidity  equal  to 
that  of  the  planets,  would  foon  be  extinguifhed  ; 
and  that  this  may  be  the  reafon  why  all  the  lu- 
minous, or  burning  ftars,  are  fixed,  and  without 
motion  ; and  why  thofe  called  new  ftars,  which 
have  probably  changed  their  ftations,  are  fre- 
quently extinguifhed  and  difappear  ? To  con- 
:firm  this  remark,  comets,  when  in  their  perihe- 
lia, ought  to  be  inflamed  even  to  their  centre  ; 
but  they  never  become  luminous  ftars  ; they  on- 
ly emit  a burning  vapour,  a confiderable  portion 
of  which  they  leave  behind  them  in  their  courfe. 

In  a medium  which  has  little  refiftance,  I ac- 
knowledge, that  fire  may  fubfift,  although  the 
burning  body  be  moved  with  great  rapidity.  It 
muft  likewife  be  acknowledged,  that  what  I 
have  faid  applies  only  to  thofe  ftars  which  dif- 
appear for  ever,  not  to  thofe  that  appear  and 
difappear  at  ftated  intervals,  without  changing 
their  fituations  in  the  heavens.  Of  thefe  Mau- 
pertuis,  in  his  difcourfe  on  the  figure  of  the  ftars, 
has  given  a moft  fatisfadory  account.  But  thofe 

which 


OF  PLANETS. 


79 

which  have  appeared,  and  then  vanifhed  for 
ever,  muft  unqueftionably  have  been  extin- 
guifhed  either  by  the  quicknefs  of  their  motion, 
or  fome  other  caufe.  There  is  not  a fingle  ex- 
ample of  a luminous  ftar  revolving  round  ano- 
ther ; and  not  one  of  the  fixteen  planets  which 
revolve  round  the  fun  have  any  light  in  them* 
felves. 

Farther,  fire,  in  fmall  mafles,  cannot  fubfift 
fo  long  as  in  large  ones.  The  planets  would 
burn  a confiderable  time  after  they  iffued  from 
the  fun  ; but,  at  length,  would  extinguifh  for 
want  of  combuftible  matter.  For  the  fame  rea- 
fon,  the  fun  itfelf  will  be  extinguifhed  ; but  at 
a period  as  much  beyond  that  which  extinguifh- 
ed the  planets,  as  the  quantity  of  matter  in  the 
fun  exceeds  that  of  the  planets.  However  this 
may  be,  the  feparation  of  the  planets  from  the 
fun,  by  the  fhock  of  a comet,  appears  fufficient 
to  account  for  their  extinction. 

The  earth  and  planets,  when  they  ifliied  from 
the  fun,  were  totally  compofed  of  liquid  fire  ; 
in  which  ftate  they  would  continue  no  longer 
than  the  violence  of  the  heat  that  kept  them  in 
fufion.  But  this  heat  would  gradually  decay 
from  the  moment  they  left  the  fun.  During 
their  fluid  ftate,  they  neceffarily  affumed  circu- 
lar figures  ; and  their  diurnal  motion  Vvould 
elevate  their  equators,  and  flatten  their  poles.  I 
agree  with  M.  Leibnitz  *,  that  this  figure  corre- 

* Vid.  Aft.  Erud.  Lipf.  an.  1692. 
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fponds  fo  exa&ly  with  the  laws  of  hydroftatics, 
that  the  earth  and  planets  muft  neceffarily  have 
been  once  in  a ftate  of  fluidity  occafioned  by 
fire  ; and,  confequently,  that  the  interior  parts 
of  the  earth  muft  be  compofed  of  vitrified  mat- 
ter, of  which  fand,  free-ftone,  granite,  and  per- 
haps clay,  are  fragments,  or  fcoriæ. 

It  is  therefore  extremely  probable,  that  the 
planets  were  originally  parts  of  the  fun  fepara- 
ted  by  a ftroke  which  communicated  to  them 
a proje&ile  motion  ; and  that  their  different 
diftances  proceeded  folely  from  the  difference  of 
their  denfities.  To  complete  this  theory,  it  on- 
ly remains  to  account  for  the  diurnal  motion  of 
the  planets,  and  the  origin  of  their  fatellites  ; 
which,  inftead  of  adding  frefh  difficulties,  will 
tend  greatly  to  confirm  my  hypothefis:  For  ro- 
tation, or  what  is  called  diurnal  motion,  entire- 
ly depends  on  the  obliquity  of  the  ftroke  ; an 
oblique  impulfe  on  the  furface  of  a body  necef- 
farily  gives  it  a rotatory  motion.  If  the  body 
which  receives  the  impulfe  be  homogeneous,  the 
rotatory  motion  will  always  be  equal  and  uni- 
form ; but  it  will  be  unequal,  if  the  body  con- 
fift  of  heterogeneous  parts,  or  of  parts  different 
in  denfity.  Hence  we  may  conclude,  that  the 
matter  of  each  planet  is  homogeneous,  becaufe 
the  diurnal  motion  of  each  is  uniformly  per- 
formed in  the  fame  time  ; and  this  circurnftance 
is  an  additional  proof,  that  portions  of  different 
denfities  were  originally  feparated  from  the  fun. 

But 
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But  the  obliquity  of  the  ftroke  might  be  fo 
great  as  to  throw  off  fmall  quantities  of  matter 
from  the  principal  planet,  which  would  necef- 
farily  move  in  the  fame  direction.  Thefe  parts, 
by  mutual  attraction,  would  reunite,  according 
to  their  denfities,  at  different  diftances  from  the 
planet,  follow  its  courfe  round  the  fun,  and  at 
the  fame  time  revolve  about  the  body  of  the 
planet,  nearly  in  the  plane  of  its  orbit.  It  is  eafy 
to  perceive  that  the  portions  we  mean  are  the 
fatellites  : Thus  the  formation,  pofition,  and 
motion,  of  the  fatellites  correfpond,  in  the  inoft 
perfeCt  manner,  with  our  theory  ; for  they  all 
move  in  the  fame  direction,  and  in  concentric 
circles  round  their  principal  planets,  and  nearly 
in  the  plane  of  their  orbits.  All  thefe  common 
effeCts,  depending  on  an  impulfive  force,  muft 
have  proceeded  from  a common  caufe,  which 
was  a projeCtile  force  communicated  to  them  by 
the  fame  oblique  ftroke.  This  account  of  the 
motion  and  formation  of  the  fatellites  will  be 
ftrongly  fupported,  if  the  other  circumftances 
and  phænomena  attending  them  be  duly  weigh- 
ed. Thofe  planets  which  are  furnifhed  with  fa- 
tellites move  quickeft  round  their  axes.  The  re- 
volution of  the  earth  is  quicker  than  that  of  Mars, 
in  the  proportion  nearly  of  24  to  15;  the  earth 
has  a fatellite,  and  Mars  has  none  ; Jupiter, 
whofe  diurnal  motion  is  500  or  600  times  more 
rapid  than  that  of  the  earth,  has  four  fatellites  ; 
and  it  is  extremely  probable,  that  Saturn,  who 
vol.  x.  F has 
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has  five  fatellites  and  a ring,  revolves  much 
more  quickly  than  Jupiter. 

We  may  even  conjecture,  with  fome  proba- 
bility, that  the  plane  of  the  equator  of  Saturn’s 
ring  is  nearly  the  fame  with  that  of  the  planet  ; 
for,  fuppofmg,  according  to  the  preceding  theory, 
the  obliquity  of  the  impulfe  which  put  Saturn 
in  motion  to  have  been  very  great,  his  diurnal 
motion  would  at  firft  be  -in  proportion  to  the 
excefs  of  the  centrifugal  force  above  that  of  gra- 
vity, and,  of  courfe,  a confiderable  quantity  of 
matter  would  be  thrown  off  from  his  equatorial 
regions,  and  necelfarily  affume  the  figure  of  a 
ring,  the  plane  of  which  would  be  nearly  the 
fame  with  that  of  his  own  equator.  This  quan- 
tity of  matter,  detached  from  the  equatorial  re- 
gions of  Saturn,  muft  have  flattened  the  equator 
of  that  planet  ; wThich  is  the  reafon  why,  not- 
withftanding  the  rapidity  with  which  we  have 
fuppofed  him  to  revolve  round  his  axis,  the  di- 
ameters of  Saturn  are  not  fo  unequal  as  thofe  of 
Jupiter,  which  differ  from  each  other  more  than 
an  eleventh  part. 

Though  this  theory  of  the  formation  of  the 
planets  and  their  fatellites  appears  to  be  extreme- 
ly probable  ; yet,  as  every  man  has  his  own 
ftandard  of  eftimating  probabilities  of  this  na- 
ture, and  as  this  ftandard  varies  according  to  the 
different  capacities  of  combining  analogies  more 
or  lefs  remote,  I pretend  not  to  convince  thofe 
who  are  unwilling  to  believe.  I have  offered  thefe 
i ideas 
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ideas  to  the  public,  not  only  becaufe  I thought 
them  rational,  and  calculated  to  unravel  a fub- 
jed  upon  which,  however  important,  nothing 
has  hitherto  been  written  ; but  becaufe  the  im- 
pulfive  motion  of  the  planets  gives  rife  to  num- 
berlefs  phænomena  in  the  univerfe,  which  ad- 
mit not  of  an  explanation  by  gravity  alone.  To 
thofe  who  may  be  difpofed  to  deny  the  poffibi- 
lity  of  my  theory,  I would  propofe  the  follow- 
ing queries  : 

1.  Is  it  not  natural  to  imagine,  that  a moving 
body  has  received  its  motion  from . the  impulfe 
of  fome  other  body  ? 

2.  When  feveral  bodies  move  in  the  fame  dL 
redion,  is  it  not  exceedingly  probable,  that  they 
received  this  diredion  from  a fingle  ftroke,  or, 
at  leafl,  from  flrokes  every  way  fimilar  ? 

3.  When  feveral  bodies  in  motion  have  not 
only  the  fame  diredion,  but  are  placed  in  the 
fame  jjdaae,  is  it  not  more  natural  to  think  that 
they  reived  this  diredion  and  pofition  from 
one  Lipulfe  than  from  many  ? 

4.  Is  it  not  probable,  that  a body  put  in  mo- 
tion by  impulfe,  fhould  receive  it  in  an  oblique 
diredion  ; and  confequently  that  it  fhould  be 
forced  to  move  round  its  axis  with  a rapidity 
proportioned  to  the  obliquity  of  the  flroke  ? If 
thefe  queries  be  not  unreafonable,  the  theory  of 
which  we  have  given  a fketch  will  no  longer 
have  the  appearance  of  abfurdity. 
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Let  us  now  proceed  to  a more  interefting 
objed  ; let  us  examine  the  figure  of  the  earth 
upon  which  fo  many  inquiries  and  obfervations 
have  been  made.  As  it  appears,  from  the  equa- 
lity of  the  earth’s  diurnal  motion,  and  the  uni- 
formity in  the  inclination  of  its  axis,  that  it 
is  compofed  of  homogeneous  parts  which  mu- 
tually attract  each  other  in  proportion  to  their 
quantities  of  matter  ; if  its  impulfive  motion 
had  been  communicated  in  a direction  perpen- 
dicular to  its  furface,  it  would  neceflarily  have 
affumed  the  figure  of  a perfed  fphere  : But, 
having  been  ftruck  obliquely,  it  moved  round 
its  axis  at  the  inftant  it  received  its  figure  ; and, 
from  the  combination  of  the  projedile  force 
and  that  of  attradion,  there  refulted  a fpheroid 
figure,  more  elevated  at  the  equator  than  at  the 
poles  ; becaufe  the  centrifugal  force,  arifing  from 
the  diurnal  rotation  of  the  earth,  muft  diminifh 
the  adion  of  gravity,  or  that  power  which  makes 
all  the  parts  tend  to  the  centre.  Thus  the  earth, 
being  compofed  of  homogeneous  parts,  and 
having  been  endowed  with  a rotatory  motion, 
muft  neceflarily  have  affumed  a fpheroid al 
figure,  the  two  axes  of  which  differ  from  each 
other  by  a 230th  part.  To  fhow  that  this  is  the 
real  figure  of  the  earth,  we  need  not  have  re- 
courfe  to  hypothefes  ; it  is  capable  of  the  cleareft 
demonftration.  The  laws  of  gravitation  are 
well  known  : That  bodies  attrad  each  other 

diredly 
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direCtly  as  their  quantities  of  matter,  and  in- 
verfely  as  the  fquares  of  their  diftances,  admits 
not  of  a doubt.  It  can  as  little  be  doubted,  that 
the  total  aCtion  of  any 'body  is  compofed  of  all 
the  particular  actions  of  its  parts. 

The  parts  of  bodies  are  all  mutually  attracted 
in  the  above  proportion  ; and  ail  thefe  attrac- 
tions, when  the  body  has  no  rotation,  neceflari- 
ly  produce  a fphere,  and  a fpheroid,  when  the 
body  is  endowed  with  a rotatory  motion.  This 
fpheroid  is  more  or  lefs  flattened  at  the  poles  in 
proportion  to  the  quicknefs  of  the  diurnal  mo- 
tion ; and  the  earth,  in  confequence  of  the  ce- 
lerity of  its  rotation,  and  the  mutual  attraction 
of  its  parts,  has  aflumed  the  figure  of  a fphe- 
roid, of  which  the  two  axes  are  to  one  another 
as  229  to  230. 

Thus  the  earth,  at  the  time  of  its  formation, 
from  the  original  conftitution  and  homogeneity 
of  its  parts,  and  independent  of  every  hypothe- 
fis  derived  from  the  direction  of  gravity,  took 
the  figure  of  a fpheroid  ; and,  from  the  known 
laws  of  mechanics,  its  equatorial  diameter  was 
neceflarily  elevated  about  fix  leagues  and  a half 
more  than  its  poles. 

I fhall  dwell  the  longer  on  this  article,  be- 
caufe  there  are  fome  geometers,  who,  from  a 
fyftem  of  philofophy  they  have  adopted,  and 
Irom  a fuppofed  direction  of  gravity,  ftill  ima- 
gine that  the  figure  of  the  earth  depends  upon 
theory.  The  firft  thing  to  be.demonftrated  is 
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the  mutual  attraction  of  the  parts  of  matter  ; 
and  the  fécond,  the  homogeneity  of  the  terref- 
trial  globe.  When  thefe  two  fads  are  clearly 
proved,  there  will  be  no  occafion  to  have  re- 
courfe  to  any  theory  derived  from  the  diredion 
of  gravity;  becaufe  the  earth’s  figure,  in  this 
cafe,  muft  neceflarily  be  as  Newton  determined 
it  ; and  all  the  other  figures  affigned  to  it,  in 
confequenee  of  vortexes,  and  other  hypothefes, 
can  have  no  exiftence. 

It  will  not  be  doubted,  even  by  the  moft  in~ 
credulous,  that  the  planets  are  retained  in  their 
orbits  by  the  power  of  gravity.  The  fatellites 
of  Saturn  gravitate  towards  that  planet;  thofe  of 
Jupiter  towards  Jupiter  ; the  moon  gravitates 
towards  the  earth  ; and  Saturn,  Jupiter,  Mars, 
the  Earth,  Venus,  and  Mercury,  gravitate  to- 
wards the  fun.  In  the  fame  manner,  Saturn, 
Jupiter,  and  the  Earth,  gravitate  towards  their 
refpedive  fatellites,  and  the  fun  gravitates  to^ 
wards  the  whole  planets.  Gravitation  is  there- 
fore a general  law,  by  which  the  whole  planetary 
fyftem  is  mutually  affeded  ; for  adion  cannot 
exift  without  re-adion,  This  mutual  attradion 
of  the  planets  is  the  law  which  regulates  all  their 
motions  ; and  its  exiftence  is  demonftrated  by 
its  effeds.  When  Saturn  and  Jupiter  are  in  con- 
jundion,  their  mutual  attradion  produces  an  ir- 
regularity in  their  motion  round  the  fun.  The 
earth  and  the  moon,  alfo,  mutually  attrad  each 
other  ; but  the  irregularities  in  the  moon’s  mo- 
tion 
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tion  proceed  principally  from  the  attraction  of 
the  fun  ; and  hence  the  fun,  the  earth,  and  the 
moon,  mutually  act  upon  each  other.  Now,  the 
reciprocal  attraction  of  the  planets,  wh en  the 
diftances  are  equal,  is  proportioned  to  their  quan- 
tities of  matter  ; and  the  fame  power  of  gravity, 
which  makes  heavy  bodies  fall  to  the  earth, 
and  which  extends  as  far  as  the  moon,  is  like- 
wife  in  proportion  to  the  quantity  of  matter  1 
The  total  gravity  of  a planet,  therefore,  is  com- 
pofed  of  the  gravity  of  all  its  parts  : Hence  all 
the  parts  of  matter,  whether  in  the  earth  or  pla- 
nets, mutually  attract  each  other;  and,  of  courfe* 
the  rotation  of  the  earth  round  its  axis  muft 
neceflarily  have  beftowed  on  it  the  figure  of  a 
fpheroid,  the  axes  of  which  are  as  229  to  230. 
But  the  direction  of  gravity  muft  be  perpendicular 
to  the  earth’s  furface  ; and,  confequently,  unlefs 
the  general  and  mutual  attraction  of  the  parts  of 
matter  be  denied,  no  hypothefis  derived  from 
the  direction  of  gravity  can  have  any  folid  foun- 
dation. But  this  mutual  attraction,  as  we  have 
feen,  is  demonftrated  by  a&ual  obfervation  ; 
and  the  experiments  made  by  pendulums  prove 
its  univerfal  exfenfion.  No  hypothefis,  there- 
fore, founded  on  the  direction  of  gravity,  can 
be  admitted,  without  contradicting  both  reafon 
and  experience. 

Let  us  now  examine  whether  the  parts  com- 
pofing  the  terreftrial  globe  be  homogeneous.  I 
acknowledge,  that,  if  the  globe  be  fuppofed  to 
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confifl  of  parts  differing  in  denfity,the  direction 
of  gravity  would  be  different  from  that  we  have 
affigned,  and  that  the  earth’s  figure  would  vary 
according  to  the  different  fuppofitions  which 
might  be  made  concerning  the  direction  of 
gravity.  But,  why  make  fuppofitions  of  this 
kind  ? Why,  for  example,  do  we  fuppofe  the 
parts  near  the  centre  to  be  more  denfe  than  thofe 
more  diftant  from  it  ? Are  not  all  the  particles 
which  compofe  the  globe  united  by  their  mutual 
attraction  ? Every  particle,  therefore,  is  a centre; 
and  there  is  no  reafon  to  believe  that  the  parts 
which  furround  the  centre  are  denfer  than  thofe 
which  furround  any  other  point.  Befides,  if  any 
confiderable  part  of  the  earth  were  more  denfe 
than  another,  the  axis  of  rotation  would  ap- 
proach nearer  that  part,  and  create  an  inequality 
in  the  diurnal  revolution  of  the  globe  : It  would 
produce  an  inequality  in  the  apparent  motion  of 
the  fixed  Ears  ; they  would  appear  to  move  more 
quickly  or  flowly  in  the  zenith  or  horizon,  ac- 
cording as  we  happened  to  be  fituated  on  the 
heavy  or  light  parts  of  the  earth  ; and  the  axis 
of  the  globe,  not  paffmg  through  its  centre  of 
gravity,  would  make  a perceptible  change  in  its 
pofition.  But  nothing  of  this  kind  ever  takes 
place.  On  the  contrary,  the  diurnal  revolution 
of  the  earth  is  equal  and  uniform.  At  every 
point  of  the  earth’s  furface,  the  ftars  appear  to 
move  with  the  fame  quicknefs  ; and,  if  there  be 
any  nutation  in  its  axis,  it  is  too  inconfiderable 

to 
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to  attract  obfervation.  Hence  it  may  be  con- 
cluded, that  all  the  parts  of  the  globe  are  at  leaft 
nearly  homogeneous. 

If  the  earth  were  hollow,  the  cruft  of  which, 
for  example,  exceeded  not  three  leagues  in 
thicknefs,  it  would  give  rife  to  the  following 
phænomena.  i.  The  mountains  would  bear  fo 
great  a proportion  to  the  total  thicknefs  of  the 
cruft,  that  vaft  irregularities  in  the  earth’s  mo- 
tion would  be  occafioned  by  the  attraction  of 
the  moon  and  of  the  fun  : When  the  moon  was 
in  the  meridian  of  the  more  elevated  parts,  as 
the  Cordeliers,  her  attraction  upon  the  whole 
globe  would  be  much  greater  than  when  the 
was  in  the  meridian  of  the  lower  parts.  2.  The 
comparative  attraction  of  the  mountains  would 
be  greatly  increafed  ; and  the  experiments  made 
on  Mount  Chimboraco,  in  Peru,  would  have  gi- 
ven more  degrees  in  the  deviation  of  the  plumb- 
line  than  they  actually  gave  féconds.  3.  The 
weight  of  bodies  would  be  greater  on  the  tops 
of  mountains  than  in  the  plains;  and  men  would 
find  themfelves  more  weighty,  and  would  walk 
with  more  difficulty,  in  high  than  in  low  grounds. 
Thefe  obfervations,  and  many  others  which 
might  be  made,  fhould  convince  us,  that  the  in- 
terior parts  of  the  earth  are  not  hollow,  but  that 
they  are  compofed  of  matter  of  a confid^rable 
denfity. 

If,  on  the  other  hand,  the  earth,  at  the  depth 
of  two  or  three  leagues,  confifted  of  matter 

much 
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much  d enfer  than  that  we  are  acquainted  with, 
upon  defcending  even  into  ordinary  pits,  we 
fhould  find  ourfelves  confiderably  heavier  ; and 
the  motion  of  pendulums  would  there  be  more 
accelerated  than  they  actually  are  when  brought 
down  from  a hill  to  a plain.  Hence  we  may 
prefume  that  the  interior  parts  of  the  earth  con- 
flit of  matter  nearly  fimilar  to  that  on  its  fur- 
face.  Of  this,  we  will  be  ftill  farther  convinced» 
if  we  confider  that  the  earth,  at  the  time  of  its 
original  formation,  when  it  affumed  its  prefent 
fpheroidal  figure,  was  in  a ftate  of  fufion,  and, 
confequently,  that  all  its  parts  were  homogene- 
ous, and  nearly  of  equal  denfity.  The  matter  on 
the  furface,  though  originally  the  fame  with  that 
of  the  interior  parts,  has,  in  the  revolutions  of 
time,  undergone  many  changes  from  external 
caufes;  and  to  thefe  are  to  be  afcribed  the  pro- 
duction of  materials  fo  different  in  their  denfi- 
ties.  But  it  ought  to  be  remarked,  that  the 
denfeft  bodies,  as  gold,  and  other  metals,  are 
mold  rarely  to  be  met  with;  and,  confequently, 
that  the  greateft  quantity  of  materials  at  the 
furface,  have  fuffered  little  alteration  with  re- 
gard to  denfity.  The  mo  ft  common  materials, 
indeed,  as  fand  and  clay,  differ  fo  little  in  denfi- 
ty, that  we  may  conje&ure,  with  much  proba- 
bility, the  internal  parts  of  the  earth  to  confift 
of  a vitrified  matter,  the  denfity  of  which  is 
nearly  equal  to  that  of  fand;  and,  confequently, 

that 
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that  the  whole  globe  may  be  confidered  as  one 
homogeneous  mafs. 

But,  it  may  be  faid,  that,  though  the  earth 
were  compofed  of  concentric  beds,  of  different 
denfities,  the  equality  of  its  diurnal  motion,  and 
the  uniform  inclination  of  its  axis,  would  re- 
main equally  undidurbed,  as  upon  the  fuppofi- 
tion  of  its  confiding  wholly  of  homogeneous 
matter.  This  I allow;  but  I demand,  at  the 
fame  time,  whether  there  be  any  reafon  for  be- 
lieving that  thefe  beds  of  different  denfities 
really  exid  ? Whether  this  method  of  folving 
difficulties  be  not  an  attempt  to  adjud  the  works 
of  nature  to  our  own  imaginations  ? And  whe- 
ther fuppofitions,  neither  founded  on  obferva- 
îion  nor  analogy,  ought  to  find  admittance  into 
phyfical  reafoning? 

Hence,  it  is  apparent,  that  the  earth  received 
its  fpheroidal  figure  in  confequence  of  its  diurnal 
motion,  and  the  mutual  attraction  of  its  parts  ; 
that  this  figure  neceffarily  refulted  from  the 
globe’s  being  in  a liquid  date  ; that,  according 
to  the  laws  of  gravity  and  of  a centrifugal  force, 
it  could  not  poffibly  affume  any  other  figure  ; 
that,  at  the  moment  of  its  formation,  the  differ- 
ence between  its  two  diameters  was,  as  at  pre- 
fent,  equal  to  a 230th  part  ; and,  of  courfe,  that 
all  other  hypothefes  which  make  this  difference 
greater  or  lefs,  are  mere  fidions,  and  deferve 
no  attention, 

Perhaps 
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Perhaps  it  may  be  objeded,  that,  if  this  theory 
be  well  founded,  and  if  the  proportion  of  the 
axes  of  the  two  diameters  be  as  229  to  230, 
how  came  the  mathematicians  fent  to  Lapland 
and  Peru  to  concur  in  making  it  as  174  to  173  ? 
-Why  fhould  fuch  a difference  fublift  between 
pradice  and  theory  ? And,  is  it  not  more  rea- 
fonable  to  give  the  preference  to  adual  meafure- 
ment,  efpecially  when  executed  by  the  ableft 
mathematicians  in  Europe*,  and  furnifhed  with 
all  the  neceffary  apparatus  ? 

To  this  I reply,  that  I mean  not  to  combat 
the  obfervations  made  at  the  equator,  and  near 
the  pole;  that  I doubt  not  of  their  exadnefs; 
and  that  the  earth  may  adually  be  elevated  a 
175th  part  more  at  the  equator  than  at  the  poles. 
Still,  however,  I maintain  my  theory  ; and  I 
perceive  clearly  how  it  may  be  reconciled  to 
pradice.  The  difference  between  the  two  con- 
clurions is  about  four  leagues  in  the  two  axes. 
The  equatorial  regions  are  found  to  have  an  ele- 
vation of  two  leagues  more  than  they  ought  to 
have  by  the  theory.  This  height  of  two  leagues 
correfponds  exadly  with  the  greateft  inequalities 
which  have  been  produced 'on  the  furface  of  the 
globe  by  the  motion  of  the  fea,  and  the  adion 
of  fluids.  Here  fome  illuflration  is  neceffary. 
At  the  time  of  the  earth’s  formation,  in  confe- 
quence  of  the  mutual  attradion  of  its  parts,  and 
of  its  centrifugal  force,  it  mufl  have  affumed  a 

* M.  de  Maupertuis,  figure  de  la  terre. 
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fpheroidal  figure,  with  its  axes  different  by  a 
230th  part.  This  would  be  the  real  figure  of 
the  earth  while  it  remained  in  a ftate  of  lique- 
faction. But,  after  cooling  for  fome  time,  the 
rarified  vapours,  like  thofe  in  the  tail  or  atmo- 
fphere  of  a comet,  would  condenfe,  and  fall  on 
the  furface  in  the  form  of  air  and  water  ; and, 
when  thefe  waters  begin  to  be  agitated  by  a flux 
and  reflux,  fand,  and  other  bodies,  would  be 
gradually  tranfported  from  the  poles  towards 
the  equatorial  parts.  This  operation,  when  con- 
tinued for  fome  time,  would  neceffarily  fink  the 
poles,  and  elevate  the  equator  in  the  fame  pro- 
portion. The  furface  of  the  earth  being  like- 
wife  expofed  to  the  winds,  to  the  aCtion  of  the 
air  and  of  the  fun  ; all  thefe  caufes  would  con-/ 
cur  with  the  tides  in  furrowing  the  earth,  in 
fcooping  out  valleys,  in  elevating  the  mountains, 
and  in  producing  other  fuperficial  irregularities, 
none  of  which,  perhaps,  exceed  a league  in 
thicknefs,  even  at  the  equator.  This  inequality 
of  two  leagues  may  be  fuppofed  to  be  the  great- 
eft  that  can  take  place  on  the  furface  ; for  the 
higheft  mountains  exceed  not  a league  in  height; 
and  the  mod  profound  parts  of  the  ocean,  it  is 
probable,  are  not  above  a league  in  depth.  Thus 
my  theory  perfectly  coincides  with  practice. 
The  earth’s  equator  could  not,  at  firft,  be  elevat- 
ed more  than  fix  leagues  and  a half  above  the 
poles;  but  the  changes  produced  on  the  furface 
might  give  it  a (till  greater  elevation.  Natural 
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hiftory  wonderfully  fupports  this  opinion  ; for, 
in  the  preceding  difcourfe,  we  have  proved, 
that,  from  the  tides  and  other  motions  of  the 
waters,  have  proceeded  mountains,  and  all  the 
other  inequalities  on  the  furface  of  the  globe; 
and  that,  at  great  depths,  as  well  as  upon  the 
greateft  heights,  bones,  fhells,  and  other  relics 
of  fea  and  land  animals,  have  been  difcovered. 

From  what  has  been  obferved,  it  may  be  con- 
je&ured,  that,  in  order  to  find  primitive  earth, 
and  fubftances  which  have  never  been  removed 
from  their  original  Rations,  we  muft  dig  in 
countries  near  the  poles,  where  the  bed  of  un- 
moved earth  will  be  thinner  than  in  fouthern 
climates. 

In  fine,  if  the  meafurement  by  which  the  fi- 
gure of  the  earth  was  determined  be  ftrictly 
fcrutinized,  we  fhail  find  that  it  is  not  altogether 
free  from  hypothetical  reafoning  : For  it  pro- 
ceeded on  the  fuppofition  that  the  earth  was  a 
regular  curve  : But,  as  the  earth  is  liable  to  con- 
fiderable  and  confiant  changes  from  a thoufand 
caufes,  it  is  impofiibie  that  it  could  have  retained 
any  perfectly  regular  figure  ; and  hence,  agree- 
able to  our  theory,  and  the  opinion  of  Newton, 
the  poles  might  originally  be  only  flattened  a 
230th  part.  Befides,  though  we  have  the  exa£t 
length  of  a degree  at  the  equator  and  polar 
circle,  yet  we  have  not  the  exadt  length  of  a 
degree  in  France  ; and  the  meafures  of  M.  Pi- 
card have  never  been  confirmed.  It  may  be 
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added,  that  the  diminution  and  increafe  in  the 
motion  of  the  pendulum  agree  not  with  the  con- 
clufions  drawn  from  meafurement  ; and  that,  on 
the  contrary,  they  correfpond  very  nearly  with 
the  theory  of  Newton.  Thefe  circurnftances  tend 
farther  to  convince  us,  that  the  poles  are  not  de- 
prefled  above  a 230th  part;  and  that,  if  there 
be  any  difference,  it  can  proceed  from  nothing 
but  the  inequalities  produced  on  the  furface  by 
the  waters,  and  other  external  caufes.  But  thefe 
inequalities  are  by  no  means  fo  regular  as  to 
juftify  any  hypothefis,  which  fuppofes  the  meri- 
dians to  be  ellipfes,  or  any  other  perfedt  curves. 
Hence  it  appears,  that,  though  many  degrees 
fhould  be  fucceflively  meafured  in  different  re- 
gions, we  cannot,  by  that  alone,  afcertain  the 
exadt  depreflion  of  the  poles,  nor  determine  how 
much  it  exceeds  or  falls  fhort  of  a 230th  part. 

May  we  not  likewife  eonjedture,  that,  if  the 
inclination  of  the  earth’s  axis  has  been  changed, 
this  effedt  could  not  be  produced  but  by  the 
changes  on  the  furface,  fmce  all  the  other  parts 
are  homogeneous  ; that  this  variation  is,  of 
courfe,  too  fmall  to  be  perceived  by  aftrono- 
mers;  and  that,  if  the  earth  be  not  difturbed  by 
a comet,  or  fome  other  external  caufe,  its  axis 
will  for  ever  preferve  its  prefent  and  original 
inclination? 

Not  to  omit  any  conjedlure  that  feems  rea- 
fonable,  may  we  not  fuppofe,  that,  as  the  moun- 
tains and  other  inequalities  on  the  furface  of 

the 


96  OF  THE  FORMATION 

the  earth,  have  originated  from  the  action  of 
the  tides,  thofe  which  we  perceive  in  the  moon 
have  been  produced  by  a fimilar  caufe  ? The 
mountains  of  the  moon  are  indeed  higher  than 
thofe  of  the  earth  ; but  her  tides  are  likewife 
ftronger  ; becaufe  the  earth,  the  fize  of  which  is 
much  larger,  raifes  the  tides  of  the  moon  with 
a fuperior  force.  This  effed  would  be  great- 
ly augmented,  if  the  moon,  like  the  earth,  had 
a quick  diurnal  motion.  But,  as  the  moon  uni- 
formly prefents  the  fame  face  to  the  earth,  the 
tides  are  raifed  only  in  proportion  to  the  mo- 
tion occafioned  by  her  librations,  which  alter- 
nately expofe  to  our  view  a fmall  fegment  of 
her  other  hemifphere.  This  caufe,  however, 
muft  produce  tides  very  different  from  thofe  of 
our  feas  ; and  their  effeds  will,  of  courfe,  be 
much  lefs  confiderable,  than  if  the  moon  had 
poffeffed  a diurnal  revolution  round  her  axis, 
equally  quick  as  the  rotation  of  the  earth. 

I fhould  compofe  a volume  equal  to  that  of 
Burnet  or  Whifton,  were  I to  extend  the  ideas 
prefented  by  the  above  theory;  and  were  I,  in 
imitation  of  the  Jaft-mentioned  author,  to  clothe 
them  in  a geometrical  drefs,  I might  add  confi- 
derably  to  their  importance.  But  I have  always 
thought,  that  hypothefes,  however  probable,  de- 
ferve  not  to  be  treated  fo  pompoufly.  It  is  apt  to 
give  them  the  air  of  quackery  and  impofition. 
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ARTICLE  IL 

Of  the  Syfem  of  Wbijlon 

THIS  author  begins  his  theory  with  a dif- 
fertation  on  the  creation  of  the  world. 
He  alleges,  that  the  account  given  of  it  by 
Mofes  is  not  properly  underftood  ; and  that,  in 
inquiries  of  this  kind,  men,  contenting  them- 
felves  with  the  moil  evident  and  Superficial  views* 
give  too  little  of  their  attention  to  nature,  rea- 
fon,  and  philofophy.  The  common  notions^ 
he  obferves*  concerning  the  fix  days  work,  are 
falfe  ; and  the  defeription  of  Mofes  is  not  an 
exadfc  or  philofophic  account  of  the  creation  and 
origin  of  the  univerfe*  butxonly  an  hiftorical 

* See  a new  Theory  of  the  Earth  by  Will.  Whifton>  Lon- 
don, 1708. 
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narrative  of  the  formation  of  the  terreftrial  globe. 
The  earth,  in  his  eftimation,  formerly  exifted 
in  chaos,  and,  at  the  time  mentioned  by  Mofes, 
it  only  received  a form,  fituation,  and  confift- 
ence,  neceflary  for  the  habitation  of  mankind.  I 
fhall  not  give  a detail  of  Whifton’s  proofs,  nor 
enter  upon  a formal  refutation  of  them,  but 
content  my  fell  with  a fhort  view  of  his  theory* 
which  will  fhow  it  to  be  contrary  to  the  fcrip- 
tures,  and,  of  courfe,  that  his  proofs  muft  be 
falfe.  Befides,  he  treats  this  matter  more  like 
a polemical  divine  than  a philofopher. 

Leaving  thefe  falfe  principles,  he  proceeds  ter 
fome  ingenious  notions,  which,  though  fingu- 
lar,  will  not,  to  thofe  who  are  influenced  by  the 
enthufiafm  of  fyftem,  appear  to  be  deftitute  of 
probability.  He  tells  us,  that  the  ancient  Chaos* 
from  which  the  earth  originated,  was  the  at- 
mofphere  of  a comet  ; that  the  annual  motion 
of  the  earth  began  when  it  received  its  new 
form  ; but  that  its  diurnal  motion  commenced 
not  till  the  fall  of  Adam  ; that  the  ecliptic  cut 
the  tropic  of  Cancer  in  a point  j?recifely  oppo- 
fite  to  Paradife,  which  was  fituated  on  the  north- 
weft  frontier  of  Afiyria  ; that,  before  the  de- 
luge, the  year  began  at  the  autumnal  equinox, 
and  that  the  orbits  of  the  earth  and  planets  were 
then  perfect  circles  ; that  the  deluge  com- 
menced on  the  i Sth  of  November,  in  the  year  of 
the  Julian  period  2365,  or  2349  before  Chrift  ; 
that,  previous  to  the  deluge,  the  folar  and  lunar 
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year  were  the  fame,  and  ccnfifted  exa&ly  of  360 
days  ; that  a comet,  defcending  in  the  plane  of 
the  ecliptic  to  its  perihelion,  on  the  very  day  that 
the  deluge  began,  made  a near  approach  to  the 
earth  ; that  there  is  a great  heat  in  the  bowels 
of  the  earth,  which  is  conftantly  expanding 
from  the  centre  to  the  circumference  ; that  the 
figure  of  the  earth  refembles  an  egg  ; that  the 
mountains  are  the  lighted:  parts  of  the  globe, 
&c.  He  then  attributes  to  the  deluge  all  the 
changes  the  earth  has  undergone,  blindly  adopts 
Woodward’s  theory,  ufes  indifcriminately  ali 
that  author’s  remarks  on  the  prefent  Rate  of  the 
earth  ; but  affumes  more  the  air  of  an  original, 
when  he  treats  of  its  future  condition.  The 
earth,  fays  Mr  Whifton,  will  be  confumed  by 
fire  ; and  its  deftruction  will  be  preceded  by 
earthquakes,  thunder,  and  hideous  meteors  ; the 
fun  and  moon  will  affume  a dreadful  afpedt;  the 
heavens  will  feem  to  fall  ; and  the  whole  earth 
will  be  in  flames.  But,  after  the  fire  fhall  have 
devoured  every  impurity  of  this  globe,  and  vi- 
trified and  rendered  it  tranfparent  as  the  pureffc 
cry  fiai,  the  faints  and  fpirits  of  the  blefied  fhall 
take  pofleffion  of  it,  and  there  remain  till  the 
general  judgment. 

This  hypothecs  appears,  at  firft  view,  to  be 
extravagant  and  fantaftical.  But  the  author  has 
managed  his  ideas  with  fuch  dexterity,  and 
placed  them  in  fo  ftrong  a light,  that  they  no 
longer  have  the  air  of  abfolute  chimeras.  He  has 
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adorned  his  fubjeâ  with  much  fcience  and  in-» 
genuity  : And  it  is  aftonifhing,  that,  from  fuch 
a medley  of  ftrange  notions,  he  fhould  have 
been  able  to  compofe  a fyftem  fo  plaufible.  But 
it  is  not  to  the  vulgar  that  it  has  this  brilliant 
appearance  ; the  learned  are  more  eafily  de- 
ceived by  the  glare  of  erudition,  and  the  force 
of  new  ideas.  Mr  Whifton  was  a celebrated 
aftronomer.  Accuftomed  to  contemplate  the 
heavens,  to  meafure  the  motions  of  the  ftars, 
and  to  confider  the  great  phænomena  of  nature, 
he  could  never  imagine  that  this  grain  of  fand, 
which  we  inhabit,  occupied  more  the  attention 
of  its  Creator  than  the  univerfe,  which  contains, 
in  the  vaft  regions  of  fpace,  millions  of  other 
funs  and  other  worlds.  He  alleges,  that  Mofes 
has  not  given  us  the  hiftory  of  the  fxrft  creation 
of  this  globe,  but  only  a detail  of  thofe  circum- 
ftances  which  attended  its  receiving  a form  fit 
for  the  habitation  of  men,  when  the  Almighty 
transformed  it  from  the  ftate  of  a comet  to  that 
of  a planet.  Comets,  owing  to  the  eccentricity 
of  their  orbits,  are  fubjeâ:  to  dreadful  viciffi- 
tudes  : Sometimes,  like  that  of  1680,  they  are 
a thoufand  times  hotter  than  melted  iron,  and 
fometimes  a thoufand  times  colder  than  ice  : 
They  cannot,  therefore,  furnifh  habitation  to 
any  creatures  of  which  we  can  form  a concep- 
tion ; or  rather,  they  are  altogether  uninhabit- 
able. 
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The  planets,  on  the  contrary,  are  tranquil 
bodies  ; their  difiances  from  the  fun  vary  but 
little  ; and  their  temperature  continues  fo  nearly 
the  fame,  that  it  permits  plants  and  animals  to 
grow  and  to  multiply. 

In  the  beginning,  fays  Mr.  Whifton,  God 
created  the  univerfe  ; but  the  earth  was  then  an 
uninhabitable  comet,  and  fubjeâ:  to  fueh  alter- 
nate extremes  of  cold  and  heat,  that  its  matter, 
being  fometimes  liquified  and  fometimes  frozen, 
was  in  the  form  of  chaos,  or  an  abyfs,  fur- 
rounded  with  utter  darknefs  : And  darknefs  co- 
vered the  face  of  the  deep . This  chaos  was  the 
atmofphere  of  the  comet,  a body  compofed  of 
heterogeneous  materials,  having  its  centre  oc- 
cupied with  a globular,  fclid,  hot  nucleus,  of 
about  2000  leagues  in  diameter,  round  which 
was  àn  extenfive  mafs  of  a thick  fluid,  mixed 
with  heterogeneous  and  undigefted  materials, 
like  the  chaos  of  the  ancients,  rudis  indigef- 
taque  moles . This  great  atmofphere  contained 
few  dry,  folid,  or  earthy  particles,  and  ftill  lefs 
of  water  or  air  ; but  it  was  amply  filled  with 
thick  and  heavy  fluids,  mixed,  agitated,  and 
jumbled  together  in  the  utmoft  confufion.  Such 
■was  the  condition  of  the  earth  when  fix  days 
old  : But,  next  day,  that  is,  on  the  firft  day  of 
the  creation,  when  the  eccentric  orbit  of  the 
comet  was  changed  into  an  ellipfe,  nearly  cir- 
cular, every  thing  afiumed  its  proper  place;  the 
different  materials  arranged  themfelvçs  accord- 
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ing  to  their  fpecific  gravities  ; the  heavy  fluids 
funk  down,  and  left  to  the  earthy,  watery,  and 
aerial  fubftances,  the  fuperior  regions.  Thefe 
alfo  defcended  in  the  order  of  their  gravities  ; 
firft  the  earth,  then  the  water,  and,  laftly,  the 
air.  In  this  manner,  the  immenfe  volume  of 
chaos  was  reduced  to  a moderate  fphere,  the 
centre  of  which  is  a foiid  body  that  ftill  retains, 
the  heat  it  received  from  the  fun,  when  former- 
ly the  nucleus  of  a comet.  This  heat  may  eafily 
laft  6000  years,  fmce  the  comet  1680  would  re- 
quire 50,000  before  it  cooled.  Round  the  fo- 
iid and  burning  nucleus,  at  the  centre  of  the 
earth,  is  placed  the  heavy  fluid  which  defcended 
firft,  and  formed  the  great  abyfs,  upon  which 
the  earth  floats  like  a cork  on  quick-filver.  But 
as  the  earthy  parts  were  originally  mixed  with  a 
great  body  of  water,  they,  in  defcending,  drove 
before  them  a part  of  this  water,  which  was 
confined  there  when  the  earth  confolidated,  and 
formed  a ftratum  concentric  with  the  heavy 
fluid  that  furrounds  the  nucleus.  Thus,  the 
great  abyfs  is  compofed  of  two  concentric  circles, 
the  interior  being  a heavy  fluid,  and  the  fupe- 
rior  water,  upon  which  laft  the  earth  is  imme- 
diately founded.  From  this  admirable  arrange- 
ment, produced  by  the  atmofphere  of  a comet, 
are  to  be  deduced  the  theory  of  the  earth,  and 
an  explication  of  all  its  phænomena  ! 

After  the  atmofphere  of  the  comet  had  been 
freed  from  the  foiid  and  çarthy  particles,  a pure 
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air  only  remained,  through  which  the  rays  of 
the  fun  inftantly  penetrated,  and  produced  light: 
Let  there  be  light  ; and  there  was  light , The 
vaft  columns  or  beds  of  which  the  earth  is  cora- 
pofed,  being  formed  with  fo  much  precipitation, 
is  the  reafon  why  they  differ  fo  much  in  denfity  ; 
the  heavier  funk  deeper  into  the  abyfs  than  the 
lighter,  and,  of  courfe,  gave  rife  to  mountains 
and  valleys  : Thefe  inequalities,  before  the  de- 
luge, were  differently  fituated  from  what  they 
are  at  prefent.  Inftead  of  that  vaft  valley  which 
contains  the  ocean,  many  fmall  .caverns  were 
difperfed  over  the  globe,  each  of  which  contain- 
ed a part  of  the  waters.  The  mountains  were 
then  at  greater  diftances,  and  formed  not  large 
chains.  But  the  earth  was  a thoufand  times 
more  fertile,  and  contained  a thoufand  times 
more  inhabitants;  and  the  life  of  man,  and  of 
the  other  animals,  was  ten  times  longer.  All 
thefe  effects  were  produced  by  the  fuperior  heat 
of  the  central  fire,  which  gave  birth  to  a greater 
number  of  plants  and  animals,  and,  at  the 
fame  time,  beftowed  on  them  a degree  of  vigour 
that  enabled  them  to  exift  long,  and  to  multi- 
ply abundantly.  But  this  heat  had  a miferable 
effeâ:  upon  the  difpofitions  of  men  and  other 
animals  : It  augmented  the  paffions,  robbed  man 
of  his  innocence,  and  diminifhed  the  fagaeity  of 
the  brute  creation.  All  creatures,  except  the 
fifties,  who  inhabited  a colder  element,  felt  the 
influence  of  the  central  heat,  became  vicious, 
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and  merited  death.  This  univerfal  death  was 
accordingly  inflidted,  on  Wednefday  the  28th 
day  of  November,  by  a dreadful  deluge,  which 
lafted  40  days  and  40  nights,  and  was  occafion- 
ed  by  the  tail  of  a comet  meeting  with  the  earth, 
in  returning  from  its  perihelion. 

The  tail  of  a comet  is  the  lighted:  part  of  its 
atmofphere.  It  is  a trànfparent  and  fubtile  va- 
pour raifed  by  the  heat  of  the  fun  from  the  bo., 
dy  of  the  comet.  This  vapour,  which  is  conir 
pofed  of  aerial  and  watery  particles  extremely 
rarified,  follows  the  comet  in  its  defcent  to  its 
perihelion,  and  goes  before  the  comet  in  its 
afcent,  its  fituation  being  always  oppofite  to  the 
fun,  as  if  it  had  an  affedlion  for  the  ihade,  and 
wifhed  to  avoid  the  fcorching  rays  of  the  fum 
This  column  of  vapour  is  often  of  an  i na- 
me nfe  extent  ; and  its  length  always  increafes 
in  proportion  as  the  comet  approaches  nearer 
the  fun.  Now,  as  many  comets  defcend  below 
the  an;  Mal  orbit  of  the  earth,  it  is  not  furprifmg 
that  the  earth  fhould  fometimes  be  involved  in 
this  vapour.  This  dreadful  event  happened  at 
the  time  of  the  deluge.  The  tail  of  a comet, 
in  two  hours,  will  difcharge  a quantity  of  water 
equal  to  that  contained  in  the  whole  ocean.  In 
fine,  this  tail  is  what  Mofes  calls  the  cataradts 
of  heaven  : And  the  cataracts  of  heaven  werç 
ppened . The  globe  of  the  earth,  when  it  meets 
with  a comet’s  tail,  muft  neceflarily,  in  its  paf- 
through  this  body  of  vapour,  appropriate 

part 
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part  of  its  materials.  Every  thing  that  comes 
within  the  fphere  of  the  earth’s  attraction  muft 
fall  upon  it>  and  muft  fall  in  the  form  of  va- 
pour, fince  the  tail  itfelf  principally  confifts  of 
that  element.  In  this  manner,  rain  may  come 
from  the  heavens  in  fuch  torrents,  as  to  produce 
an  univerfal  deluge,  and  to  furmount  the  tops  of 
the  higheft  mountains. 

Oar  author,  however,  unwilling  to  go  beyond 
the  letter  of  the  facred  writings,  does  not  afcribe 
the  deluge  to  this  rain  alone,  which  he  has  cho- 
fen  to  bring  from  fo  great  a diftance.  He  takes 
advantage  of  water  wherever  he  can  find  it: 
The  great  abyfs,  as  we  have  feen,  contains  a 
confiderable  quantity.  The  earth,  in  its  approach 
towards  the  comet,  would  feel  the  force  of  its 
attraction  ; the  waters  in  the  great  abyfs  would 
be  fo  agitated  with  a motion  fimilar  to  that  of 
the  tides,  as  would  neceffarily  break  the  ihell  or 
cruft  in  many  places,  and  make  the  water  rufli 
out  upon  the  furface  : And  the  fountains  of  the 
abyfs  <were  opened . 

But  how,  it  may  be  afked,  was  this  vaft  col- 
lection of  water,  fo  liberally  furnifhed  by  the 
great  abyfs,  and  by  the  comet’s  tail,  afterwards 
difpofed  of?  Our  author  is  not  embarraffed  by 
this  circumftance.  As  foon  as  the  earth  efcaped 
from  the  comet,  the  flux  and  reflux  of  the  great 
abyfs  neceffarily  cealed.  From  that  moment  the 
waters  on  the  furface  ruflhed  down  with  vio- 
lence by  the  faine  channels  out  of  which  they 

had 
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had  iflfued.  The  great  abyfs  fwallowed  up  not 
only  its  own  water,  but  all  that  had  been  depo- 
fited  by  the  comet,  wffiich  it  was  fufficiently  en- 
abled to  contain  ; becaufe,  during  its  agitation* 
and  when  it  broke  the  cruft,  it  had  greatly  en- 
larged its  dimenfions,  by  puflaing  the  earth  far- 
ther from  it  on  all  fuies.  It  was  at  this  time, 
like  wife,  that  the  earth,  which  was  formerly  a 
fphere,  aflumed  its  elliptical  figure.  This  effect 
was  produced  by  the  centrifugal  force  occafion-. 
cd  by  the  diurnal  motion  of  the  earth,  and  by 
the  attraction  of  the  comet  ; for  the  earth,  when 
paffing  through  the  tail  of  the  comet,  was  fo  fi- 
fuated,  that  its  equatorial  parts  were  neareft  that 
liar  ; and,  of  courfe,  the  power  of  the  comet’s 
attraction,  concurring  with  the  earth’s  centrifu- 
gal force,  elevated  the  equatorial  regions  with 
the  greater  facility,  becaufe  the  cruft  was  broken 
in  an  infinite  number  of  places,  and  becaufe  the 
flux  and  reflux  of  the  abyfs  pufhed  more  vio-* 
îentîy  againft  the  equator  than  any  where  elfe. 

This  is  the  hiftory  Mr.  Whifton  gives  of  the 
creation,  of  the  caufes  of  the  univerfal  deluge* 
of  the  longevity  of  the  Antediluvians,  and  of 
the  figure  of  the  earth.  All  thefe  difficult  fub- 
jeCts  feem  to  have  given  our  author  very  little 
trouble.  But  he  appears  to  be  greatly  puzzled 
concerning  Noah’s  ark.  In  that  dreadful  confu- 
iion,  produced  by  the  conjunction  of  the  tail  of 
a comet,  and  by  the  waters  of  the  great  abyfs, 
and  in  that  horrible  period,  when  not  only 

the 


THEORY  OF  THE  EARTH.  107 

the  elements  of  this  globe  were  confounded, 
but  when  the  heavens  concurred  with  the  bow- 
els of  the  earth  in  producing  new  elements  to 
increafe  the  chaos,  how  is  it  to  be  imagined  that 
the  ark  could  float  tranquilly,  with  its  nume- 
rous and  valuable  cargo,  upon  the  furface  of  the 
waves  ? Here  our  author  ftruggles  hard,  in  or- 
tier  to  account  for  the  prefervation  of  the  ark. 
But,  as  his  reafoning  upon  this  fubjedt  appears 
to  be  inconclusive,  ill-imagined,  and  heterodox, 
I fhall  only  obferve,  how  hard  it  is  for  a man, 
who  had  explained  objedts  fo  great  and  furprif- 
ing,  without  having  recourfe  to  a fupernatural 
power,  to  be  flopped  in  his  career  by  a trifling 
circuraftance.  But  he  choofes  to  rifk  drowning 
h-imfelf  along  with  the  ark,  rather  than  to 
afcribe  the  prefervation  of  this  precious  veflel  to 
the  interpofition  of  the  Almighty! 

I (hall  only  make  a Angle  remark  upon  this 
fyftem,  of  which  I have  given  a faithful  abridge- 
ment. Whenever  men  are  fo  prefumptuous  as 
to  attempt  a phyfical  explanation  of  theological 
truths  ; whenever  they  allow  themfelves  to  in- 
terpret the  facred  text  by  views  purely  hu- 
man ; whenever  they  reafon  concerning  the  will 
of  the  Deity,  and  the  execution  of  his  decrees; 
they  muft  neceflarily  involve  themfelves  in  ob- 
fcurity,  and  tumble  into  a chaos  of  confufion, 
like  the  author  of  this  whimfical  fyftem,  which, 
notwithflanding  all  its  abfurdities,  has  been  re- 
ceived 
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ceived  with  great  applaufe.  Mr.  Whifton  nei- 
ther doubted  of  the  truth  of  the  deluge,  nor  of 
the  authenticity  of  the  facred  writings.  But,  as 
phyfxcs  and  aftronomy  occupied  his  principal 
attention,  he  miftook  pafiages  of  holy  writ  for 
phyfical  fadts,  and  for  refults  of  aftronomical 
obfervations  ; and  fo  ftrangely  jumbled  divinity 
with  human  fcience,  that  he  has  given  birth  to 
the  moft  extraordinary  fyftem  that  perhaps  ever 
did  or  ever  will  appear. 


PROOFS 


OF  THE 

THEORY  ofthe  EARTH. 


ARTICLE  III. 


Of  Burnet's  Theory  *. 

MR.  Burnet  is  the  firft  author  who  difco- 
vered  enlarged  views  of  the  prefent  fub- 
je£t,  and  who  treated  of  it  in  a fyftematic  manner. 
He  was  a man  of  genius  and  of  tafte  : His  work 
acquired  great  reputation,  and  was  of  courfe, 
criticifed  by  many  of  the  learned,  and,  among 
others,  by  Mr.  Keill,  who  fcrutinizing  the  fub- 
je£t  as  a geometer,  demonftrated  the  errors  of 
Burnet’s  theory  in  a treatife  entitled.  An  exami- 
nation of  the  Theory  of  the  Earth . Mr.  Keill 
likewife  refuted  the  fyftem  of  Whifton  ; but  he 
treated  the  latter  in  a manner  very  different 
from  the  former.  He  even  appears,  in  many 

* Thomas  Bornet.  Telluris  theoria  facra,  orbis  noftri  originem 
et  mutationes  generales,  quas  aut  jam  fubiit,  aut  olim  fubiturus 
eû,  cGmple&ens.  Londini  16S1. 

particulars, 
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particulars,  to  adopt  the  opinions  of  Whifton  ; 
and  confiders  the  notion,  that  the  deluge  was 
occafioned  by  the  tail  of  a comet  as  exceedingly 
probable.  But,  to  return  to  Burnet  ; His  book 
is  written  with  elegance*  He  knows  how  to 
paint  the  grandeft  images  and  the  moft  magni- 
ficent fcenes*  His  plan  is  elevated  ; but,  being 
defective  in  proper  materials,  he  often  fails  in 
the  execution*  His  reafonings  and  his  proofs 
are  feeble  ; but  the  bold  nefs  with  which  he 
writes  makes  the  reader  lofe  fight  of  all  his  im- 
perfections. 

He  begins  with  alleging,  that  the  earth,  be- 
fore the  deluge,  was  very  different  from  what 
it  is  now.  It  was  at  firft,  fays  he,  a fluid  mafs, 
compofed  of  matters  of  every  fpecies,  and  of  all 
kinds  of  figures,  the  heavieft  of  which  defcend- 
ed  to  the  centre,  and  formed  a hard  and  folid 
body.  The  waters  took  their  Ration  round  this 
body;  and  all  lighter  fluids  rofe  above  the  water* 
Thus,  between  the  coat  of  air,  and  that  of  water, 
a coat  of  oily  matter  was  interpofed.  But,  as 
the  air  was  then  full  of  impurities,  and  contain- 
ed great  quantities  of  earthy  particles,  thefe  gra* 
dually  fubfided  upon  the  coat  or  ftratum  of  oil, 
and  formed  a cruft  compofed  of  earth  and  oil  : 
This  cruft  was  the  firft  habitable  part  of  the  earth, 
and  the  firft  abode  of  man  and  other  animals» 
The  land  thus  formed  was  light,  fat,  and 
adapted  to  cherifti  the  tendernefs  of  the  origi- 
nal germs.  The  furface  of  the  earth  was  level 

and 
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âftd  uniform,  without  mountains,  feas,  or  other 
inequalities.  But  it  remained  in  this  Rate  about 
fixteen  centuries  only  ; for  the  heat  of  the  fun 
gradually  drying  the  cruft,  produced,  at  fir  ft, 
fuperficial  fiffufes  or  cracks  only  ; but,  in  pro- 
cefs  of  time,  thefe  fi  flu  res  penetrated  deeper,  and 
increafed  fo  much  in  their  dimenfions,  that,  at 
laft,  they  entirely  perforated  the  cruft.  In  an 
inftant,  the  whole  earth  fplit  in  pieces,  and  fell 
into  the  great  abyfs  of  waters  which  it  former- 
ly furrounded.  This  wonderful  event  was  the 
univerfal  deluge. 

But  all  thefe  mafles  of  earth,  in  falling  into 
the  abyfs,  carried  along  with  them  vafi:  quanti- 
ties of  air,  and  they  daihed  againft  each  other, 
and  accumulated  and  divided  fo  irregularly,  that 
great  cavities  filled  with  air  were  left  between 
them.  The  waters  gradually  opened  paflages 
Into  thefe  cavities,  and,  in  proportion  as  the  ca- 
vities were  filled  with  the  water,  the  furface  of 
the  earth  began  to  difcover  itfelf  in  the  mo  ft 
elevated  places  ; and,  at  laft,  the  waters  appeared 
no  where  but  in  thofe  extenfive  valleys  which 
contain  the  ocean.  Thus  our  ocean  is  a part  of 
the  ancient  abyfs  ; the  reft  of  it  remains  in  the 
internal  cavities,  with  which  the  fea  has  ftill  a 
communication.  Iflarids  and  fea-rocks  are  the 
fmall  fragments,  and  continents  are  the  large 
mafles  of  the  ancient  cruft.  As  both  the  rupture 
and  fall  of  this  cruft  were  effected  in  a hidden 
and  confided  manner,  it  is  not  furprifing  that 
3 the 
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the  furface  of  the  prefent  earth  fhould  be  full 
of  mountains,  gulfs,  plains,  and  irregularities 
of  every  kind. 

This  fpecimen  is  fufficient  to  give  an  idea  of 
Burnet’s  fyftem.  It  is  an  elegant  romance,  a 
book  which  may  be  read  for  amufement,  but 
cannot  convey  any  inftrudion.  The  author  was 
ignorant  of  the  chief  phænomena  of  the  earth, 
and  a man  of  no  obfervation.  He  has  drawn 
every  thing  from  imagination,  which  often  a£ts 
both  againft  truth  and  reafon. 


PROOFS 


OF  THE 
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ARTICLE  IV. 


Of  the  Syjlem  of  Woodward 


OF  this  author  it  may  be  faid,  that  he  want- 
ed to  build  an  immenfe  edifice  upon  a 
foundation  lefs  firm  than  fand,  and  to  eonftrud 
a world  with  duft  ; for,  he  a Herts,  that  the  earth, 
at  the  time  of  the  deluge,  fuffered  a total  difib- 
lution.  In  perufing  his  book,  the  firft  idea  which 
prefents  itfelf  is,  that  this  diffolution  was  effeded 
by  the  waters  of  the  great  abyfs.  He  alleges, 
that,  at  the  command  of  God,  the  abyfs  fudden- 
ly  opened,  and  diffufed  fuch  an  enormous  quan- 
tity of  water  on  the  furface,  as  was  fufficient 
to  cover  the  tops  of  the  higheft  mountains  ; and 

* An  EfTay  towards  the  Natural  Hiftory  of  the  Earth,  by 
John  Woodward. 

vol.  i.  xi  that 
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that  God  fufpended  the  law  of  cohefion,  which 
inftantly  reduced  every  folid  fubftance  into  a 
powder,  &c.  He  did  not  confider,  that,  by 
thefe  fuppofitions,  he  added  to  the  miracle  of 
the  univerfal  deluge  many  other  miracles,  or* 
at  leaft,  phyfical  impoffibilities,  which  accord 
neither  with  the  fcriptures,  nor  with  the  prin- 
ciples of  mathematics  and  of  natural  philofophy. 
But  as  this  author  has  the  merit  of  collecting 
many  important  obfervations,  and  as  he  knew 
better  than  any  former  writer  the  materials  of 
which  the  globe  is  compofed,  his  fyftem,  though 
ill  conceived  and  worfe  arranged,  has  feduced, 
by  the  luftre  of  a few  ftriking  faCts,  many  weak 
men  into  a belief  of  his  general  conclufions. 

We  (hall  now  give  a fhort  view  of  his  theo- 
ry,  by  which  we  will  be  enabled  to  do  juftice  to 
the  merit  of  the  author,  and  put  the  reader  in 
a condition  to  judge  of  the  futility  of  his  fyf- 
tem, and  of  the  falfehood  of  fome  of  his  remarks, 
Mr.  Woodward  informs  us,  that  he  recognifed 
with  his  own  eyes  all  the  materials  of  which 
the  earth  in  England  is  compofed,  from  the  fur- 
face  to  the  greateft  depths  that  had  been  dug  j 
that  they  were  all  difpofed  in  beds,  or  ftrata  ; 
and  that,  in  many  of  thefe  beds,  there  are  (hells 
and  other  productions  of  the  fea.  He  then 
adds,  that  he  was  affured  by  his  friends  and  cor- 
refpondents,  that  in  all  the  other  countries  of  the 
world,  the  earth  was  compofed  of  the  fame  ma- 
terials j and  that  fhells  are  found,  not  only  in  the 

plains* 
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plains,  and  in  fome  particular  parts,  but  on  the 
higheft  mountains,  in  the  deepeft  pits*  and  in  an 
infinite  number  of  different  places.  He  obferved, 
that  the  beds  were  all  horizontal,  and  placed 
over  each  other*  like  matters  tranfported  by  the 
waters,  and  depofited  in  the  form  of  fediment. 
Thefe  general  remarks,  which  are  founded  in, 
truth,  are  followed  with  fome  particular  obfer- 
vations,  by  which  he  demonftrates,  that  the  fof- 
fil  fhells  incorporated  with  the  ftrata  are  real  fea- 
fhells,  and  not  peculiar  minerals,  or  lufus  na - 
turœ , &c. 

To  thefe  obfervations,  though  partly  made 
before  him,  he  has  added  others  of  a more  fufi- 
picious  nature.  He  afferts,  that  the  materials  of 
the  different  ftrata  are  arranged  according  to 
their  fpecific  gravities.  This  affertion  is  not 
confiftent  with  truth:  For  we  every  day  fee 
folid  rocks  placed  above  clay,  fand,  pit-coal,  bi- 
tumen, and  other  comparatively  light  bodies. 
If,  indeed,  it  were  uniformly  found,  through 
the  whole  earth,  that  the  upper  ftratum  was  bi- 
tumen, followed  fucceffively  by  ftrata  of  chalk, 
marl,  clay,  fand,  ftone,  marble,  and  metals, 
it  would,  in  that  cafe,  be  probable  that  all  thofe 
materials  had  been  precipitated  at  once  : And 
this  our  author  affirms  with  confidence,  though 
the  moft  fuperficial  obferver  needs  only  his  eyes 
to  convince  him,  that  heavy  ftrata  are  often 
found  above  light  ones;  and,  confequently,  that 
thefe  fediments  could  not  be  depofited  at  the 
fame  time,  but  muft  have  been  tranfported  and 
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depolited  by  the  ocean  at  fuccefïîve  periods.  As 
this  is  the  foundation  of  Woodward’s  fyftem, 
and  is  manifeftly  falfe,  we  {hall  follow  him  no 
farther  than  to  fhow  how  an  erroneous  prin- 
ciple produces  falfe  relations  and  bad  conclu- 
rions. 

All  the  ftrata  which  compofe  the  earth,  fays 
our  author,  from  the  tops  of  the  higheft  moun- 
tains to  the  deepeft  mines,  are  placed  according 
to  their  refpe&ive  fpecific  gravities.  Hence,  he 
concludes,  the  whole  muft  have  been  in  a ftate 
of  dilfolution,  and  precipitated  at  the  fame  time. 
But  at  what  time,  in  what  menftruum,  was  it 
diffolved  ? In  the  water,  fays  Mr.  Woodward, 
and  at  the  time  of  the  deluge.  But  there  is  not 
water  enough  on  the  globe  to  produce  this  ef- 
fect ; for  there  is  more  earth  than  water  ; and 
the  bottom  of  the  fea  itfelf  is  earth.  Very  well, 
he  replies  : But  there  is  enough  of  water  in  the 
central  parts  of  the  earth  ; and  nothing  more 
was  wanting  than  to  bellow  on  it  the  power  of 
diffolving  every  terreftrial  fubftance,  except  fea- 
fhells  ; to  find  a proper  method  of  making  the 
waters  return  to  the  abyfs  ; and  to  make  all 
this  correfpond  with  the  hiftory  of  the  deluge. 
Behold  a fyftem,  of  which  the  author  could 
not  prevail  on  himfelf  to  form  a doubt  ; for, 
when  it  was  objected  to  him,  that  water  could 
not  diflblve  water,  rocks,  and  metals,  efpeci- 
ally  in  forty  days,  the  time  of  the  waters  re- 
maining on  the  earth  ; he  replied  limply,  that 
the  event,  however,  did  happen.  When  it  was 

demanded 
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demanded  of  him,  how  the  waters  of  the  abyfs 
could  diffolve  the  whole  earth,  and  yet  preferve 
the  {hells?  He  anfwered,  that  he  never  proved 
that  this  water  was  a diffolvent  ; but  that,  from 
fa  dis,  it  was  clear  that  the  earth  had  been  dif- 
folved,  and  that  the  fhelis  were  preferved.  Laft-* 
ly,  When  it  was  demonftrated  to  him,  that  his 
fyftem  was  ufeiefs,  as  it  was  neither  fupported 
by  reafon  nor  by  fadls,  he  faid,  We  had  only  to 
fuppofe  that,  at  the  time  of  the  deluge,  the  laws 
of  gravity  and  of  cohefion  wrere  fuddenly  flop- 
ped, and,  upon  this  fuppofition,  the  diffolution 
of  the  ancient  world  admitted  of  an  eafy  expla- 
nation. But,  it  was  obferved  to  him,  if  the  force 
of  cohefion  was  fufpended,  Why  were  not  the 
fhelis  diffolved  along  with  the  reft  ? Here  he  gave 
a harangue  on  the  organization  of  fhelis  and  of 
animal  bones,  tending  to  prove  that  their  tex- 
ture was  fibrous,  and  different  from  that  of  mi- 
nerals ; that  their  cohefion  was  likewife  differ- 
ent ; and  that,  after  all,  we  have  only  to  fuppofe 
that  the  powers  of  gravity  and  of  cohefion  did 
not  entirely  ceafe,  but  that  they  were  diminifhed 
to  fuch  a degree,  as  enabled  them  to  diffolve  the 
parts  of  minerals,  but  not  thofe  of  animals.  I 
fhall  conclude  with  remarking,  that  our  authors 
philofophy  was  not  equal  to  his  talent  for  obfer- 
vation  ; it  is  therefore  unneceffary  to  give  a for- 
mal refutation  of  abfurd  notions,  efpecially  when 
they  proceed  upon  conjectures  which  are  con- 
trary both  to  the  laws  of  probability  and  of  me- 
chanics. 
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THEORY  of  the  EARTH, 


Examination  of  fome  other  Syjlems. 

HE  three  hypothefes  formerly  animad- 


verted upon  have  many  things  in  com- 
mon : They  all  agree  in  this,  that,  at  the  time 
of  the  deluge,  both  the  external  and  internal 
form  of  the  earth  was  changed.  But  none  of  thefe 
theorifts  confidered,  that  the  earth,  before  the  der 
luge,  was  inhabited  by  the  fame  fpecies  of  men 
and  animals;  and,  confequeratly,  that  it  mufthave 
been  nearly  the  fame,  both  in  figure  and  ftruëture, 
as  it  is  at  prefent.  We  are  informed  by  the  facred 
writings,  that,  before  the  deluge,  there  were  ri- 
vers, feas,  mountains,  and  forefts;  that  moft  of 
thefe  mountains  and  rivers  remained  nearly  in 
their  former  fituation  ; the  Tigris  and  Euphrates, 
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jbr  example,  ran  through  Paradife  ; that  the  Ar- 
menian mountain  on  which  the  ark  refted,  was, 
at  the  deluge,  one  of  the  higheft  mountains  of 
the  earth,  as  it  is  at  this  day  ; and  that  the  fame 
plants  and  the  fame  animals,  which  inhabited  the 
earth  before  the  deluge,  continue  ftiil  to  exift  ; 
for  we  are  told  of  the  ferpent,  of  the  crow,  and 
of  the  pigeon  that  carried  the  olive-branch  into 
the  ark.  Tournefort  indeed  alleges,  that  there 
are  no  olives  within  400  leagues  of  Mount  Ara- 
ret,  and  affeds  to  be  witty  on  this  head.  It  is, 
however,  indifputable,  that  there  were  olives  in 
the  neighbourhood  of  this  mountain  at  the  time 
of  the  deluge  ; for  Mofes  affures  us  of  the  fad: 
in  the  moft  exprefs  manner.  Befides,  it  is  not 
furprifing,  that,  in  the  courfe  of  4000  years,  the 
olives  fhould  be  extirpated  in  thefe  provinces, 
and  multiplied  in  others.  It  is,  therefore,  con- 
trary both  to  fcripture  and  reafon,  that  thefe  au- 
thors have  fuppofed  the  earth,  before  the  deluge, 
to  have  been  totally  different  from  what  it  is 
now  ; and  this  oppofition  between  their  hypo- 
thefes  and  the  facred  writings,  as  well  as  found 
philofophy,  is  fufficient  to  difcredit  their  fyftems, 
although  they  fhould  correfpond  with  fome 
pliænomena  Burnet,  who  wrote  firft,  gives 
neither  fads  nor  obfervations  in  fupport  of  his 
fyftem.  Woodward’s  book  is  only  a fhort  ef- 
fay,  in  which  he  promifes  much  more  than  he 
was  able  to  perform  ; it  is  only  a projed,  with- 

* See  Voyage  du  Levant,  vol.  ii.  p.  336. 
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out  any  degree  of  execution.  He  makes  ufe  of 
two  general  remarks,  i.  That  the  earth  is  every 
where  compofed  of  materials  which  had  for- 
merly been  in  a ftate  of  fluidity,  and  which  had 
been  depofited  by  the  waters  in  horizontal  beds. 
2,  That,  in  the  bowels  of  many  parts  of  the 
earth,  there  are  an  infinite  number  of  lea-bodies. 
To  account  for  thefe  fads,  he  has  recourfe  to 
the  univerfal  deluge  ; or  rather,  he  appears  to 
employ  thefe  as  proofs  of  the  deluge.  But,  like 
Burnet,  he  falls  into  evident  contradictions  ; for 
it  is  abfurd  to  fuppofe,  with  thefe  authors,  that, 
before  the  deluge,  there  were  no  mountains, 
fince  we  are  exprefaly  told,  that  the  waters  rofe 
15  cubits  above  the  tops  of  the  highefl  moun- 
tains. On  the  other  hand,  it  is  not  faid  that 
the  waters  deftroyed  or  diflblved  the  mountains. 
In  place  of  this  extraordinary  diflolution,  the 
mountains  remained  firm  in  their  original  fitua- 
tions,  and  the  ark  refled  upon  the  one  which 
was  firft  deferted  by  the  waters.  Befides,  it  is 
impolïibîe  to  imagine,  that,  during  the  fhort 
time  the  deluge  continued,  the  waters  could  dif- 
folve  the  mountains,  and  the  whole  fabric  of  the 
earth.  Is  it  not  abfurd  to  fuppofe,  that,  in  the 
fpace  of  forty  days,  the  hardeft  rocks  and  mine- 
rals were  diflblved  by  Ample  water  ? Is  it  not 
a manifeft  contradiction  to  admit  this  total  dif- 
folution,  and  yet  to  maintain  that  (hells',  bones, 
and  other  productions  of  the  fea,  were  able  to 
refill  a menftruum  to  which  the  molt  foiid  ma- 
terials 
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priais  had  yielded  ? Upon  the  whole,  I cannot 
hefitate  in  pronouncing,  that  Woodward,  though 
furnifhed  with  excellent  fads  and  obfervations, 
has  produced  but  a weak  and  inconfiftent  theory, 
Whifton,  who  wrote  laft,  has  greatly  im- 
proved upon  the  other  two  ; and,  though  he 
has  given  loofe  reins  to  his  imagination,  it  can- 
not be  faid  that  he  falls  into  contradiction.  He 
advances  many  things  which  are  incredible;  but 
they  are  neither  abfolutely  nor  apparently  im- 
poffible.  As  we  are  ignorant  of  what  materials 
the  centre  of  the  earth  is  compofed,  he,  thinks 
himfelf  intitled  to  fuppofe  it  a folid  nucleus, 
furrounded  with  a ring  of  heavy  fluid  matter, 
and  then  follows  a ring  of  water,  upon  which 
the  external  cruft  is  fupported.  In  this  ring  of 
water,  the  different  parts  of  the  cruft  funk  more 
or  lefs  in  proportion  to  their  gravities,  and  gave 
rife  to  mountains  and  inequalities  on  the  furface 
of  the  earth.  But  our  aftronomer  here  commits 
a blunder  in  mechanics.  He  confidered  not, 
that  the  earth,  on  this  fuppofition,  muft  have 
formed  one  uniform  arch  ; and,  confequently, 
that  it  could  not  be  fupported  by  the  water,  and 
far  lefs  could  any  part  of  this  arch  fink  deeper 
than  another.  If  this  be  excepted,  I doubt  whe- 
ther he  has  fallen  into  any  other  phyfical  blun- 
der : He  has,  however,  committed  many  errors 
both  in  metaphyfics  and  theology.  In  fine,  it 
cannot  be  denied  abfolutely,  that  the  earth,  in 
pieeting  with  the  tail  of  a cornet,  would  be  de- 

luged, 


ill  EXAMINATION  OF 

luged,  efpecially  if  it  be  allowed  to  the  author, 
that  the  tails  of  comets  contain  watery  vapours. 
Neither  is  it  abfolutely  impoffible,  that  the  tail 
of  a comet,  in  returning  from  its  perihelion, 
fhould  burn  the  earth,  if  we  fuppofe,  with  Mr. 
Whifton,  that  the  comet  pafled  very  near  the 
fun’s  body.  The  fame  observations  may  be  made 
upon  the  reft  of  his  fyftem.  But,  though  his 
notions  be  not  abfolutely  impoffible,  when  ta^ 
ken  Separately,  they  are  So  exceedingly  impro- 
bable, that  the  whole  affemblage  may  be  regard- 
ed as  exceeding  the  bounds  of  human  credulity. 

Thefe  three  are  not  the  only  books  which  have 
been  written  upon  the  ’theory  of  the  earth.  In 
172g,  M.  Bourguet  published,  along  with  his 
Philofophical  Letters  on  the  formation  of  Salts , 
a memoir,  in  which  he  gives  a Specimen  of  a 
fyftem  which  he  had  projected  ; but  the  execu- 
tion of  it  was  prevented  by  the  death  of  the  au- 
thor. It  muft  be  acknowledged,  that  no  man 
was  more  induftrious  and  acute  in  making  ob- 
servations, and  in  collecting  faCts.  To  him  we 
are  indebted  for  remarking  the  correspondence 
between  the  angles  of  mountains,  which  is  the 
chief  key  to  the  theory  of  the  earth.  He  ar- 
ranges the  materials  he  had  collected  in  the  belt 
order.  But,  with  all  thefe  advantages,  it  is  pro- 
bable, that  he  would  not  have  fucceeded  in  giv- 
ing a phyfical  hiftory  of  the  changes  which  have 
happened  in  the  earth  ; and  he  appears  not  to 
have  discovered  the  caufes  of  thofe  eflfeCts  which 

he 
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he  relates.  To  be  convinced  of  this  remark,  we 
have  only  to  take  a view  of  the  propofitions  he 
deduces  from  thofe  phænomena  which  muff: 
have  been  the  foundation  of  his  theory.  He 
fays,  that  the  earth  was  formed  at  once,  and  not 
fucceffively  ; that  its  figure  and  difpofition  de- 
monftrate  that  it  was  formerly  in  a fluid  ftate; 
that  the  prefent  condition  of  the  earth  is  very  dif- 
ferent from  what  it  was  fome  ages  after  its  firft 
formation  ; that  the  matter  of  the  globe  was 
originally  more  foft  than  after  its  furface  was 
changed  ; that,  the  condenfation  of  its  folid  parts 
diminifhed  gradually  with  its  velocity  ; fo  that, 
after  a certain  number  of  revolutions  round  its 
own  axis,  and  round  the  fun,  its  original  ftruc- 
ture  was  fuddenly  diflolved  ; that  this  happened 
at  the  vernal  equinox  ; that  the  fea-fhells  infi- 
nuated  themfelves  into  the  diflolved  matters  ; 
that  the  earth,  after  this  diflblution,  aflumed  its 
prefent  form  ; and  that,  as  foon  as  the  fire  or 
heat  operated  upon  it,  its  confumption  gradually 
began,  and,  at  fome  future  period,  it  will  be 
blown  up  with  a dreadful  explofion,  accompa- 
nied with  a general  conflagration,  which  will 
augment  the  atmofphere,  and  diminifh  the  dia- 
meter of  the  globe  ; and  then  the  earth,  in  place 
of  ftrata  of  fand  or  clay,  will  confift  only  of 
beds  of  calcined  materials,  and  mountains  com- 
pofed  of  amalgams  of  different  metals. 

This  is  a fufficient  view  of  the  fyftem  which 
M.  Bourguet  defigned  to  compofe.  To  guefs  at 

the 


EXAMINATION  OF 


H24 

the  paft,  and  to  predict  the  future,  nearly  in  the 
fame  manner  as  others  have  guefled  and  predict- 
ed, requires  but  a final!  effort  of  genius.  This 
author  had  more  erudition  than  found  and  ge- 
neral ideas.  He  appears  not  to  have  had  the 
capacity  of  forming  enlarged  views,  or  of  com- 
prehending the  chain  of  caufes  and  effects. 

In  the  Leipfic  TranfaCtions,  the  celebrated 
Leibnitz  publifhed  a fketch  of  an  oppofite 
fyftem,  under  the  title  of  Protog'sea.  The  earth5 
according  to  Bourguet»  and  others,  was  to  be 
eonfumed  by  fire.  But  Leibnitz  maintains,  that 
it  originated  from  fire,  and  that  it  has  under- 
gone innumerable  changes  and  revolutions.  At 
the  time  that  Mofes  tells  us  the  light  was  divid- 
ed from  the  darknefs,  the  greateft  part  of  the 
earth  was  in  flames.  The  planets,  as  well  as  the 
earth,  were  originally  fixed  and  luminous  ftars. 
After  burning  for  many  ages,  he  alleges,  that 
they  were  extinguished  from  a deficiency  of 
combuftible  matter,  and  that  they  became  opaque 
bodies.  The  fire,  by  melting  the  matter,  pro- 
duced a vitrified  cruft  ; and  the  bafis  of  all  ter- 
reflrial  bodies  is  glafs,  of  which  fand  and  gra- 
vel are  only  the  fragments.  The  other  fpecies 
of  earth  refulted  from  a mixture  of  fand  with 
water  and  fixed  faits  ; and,  when  the  cruft  had 
cooled,  the  moift  particles,  which  had  been  ele- 
vated in  the  form  of  vapour,  fell  down,  and 
formed  the  ocean.  Thefe  waters  at  firfh  cover- 
ed the  whole  furface,  and  even  overtopped  the 
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higheft  mountains.  In  the  eftimation  of  this 
author,  the  fhells,  and  other  fpoils  of  the  ocean, 
which  every  where  abound,  are  indelible  proofs 
that  the  earth  was  formerly  covered  with  the 
fea  ; and  the  great  quantity  of  fixed  faits,  of 
fand,  and  of  other  melted  and  calcined  matters 
fhut  up  in  the  bowels  of  the  earth,  demonftrate, 
that  the  conflagration  had  been  general,  and  that 
it  had  preceded  the  exiftence  of  the  ocean. 
Thefe  ideas,  though  deftitute  of  evidence,  are 
elevated,  and  bear  confpicuous  marks  of  inge- 
nuity. The  thoughts  have  aconne&ion,  the  hy- 
potheles  are  not  impoffible,  and  the  confequen- 
ces  which  might  be  drawn  from  them  are  not 
contradi&ory.  But  the  great  defedt  of  this  theory 
is,  that  it  applies  not  to  the  prefent  ftate  of  the 
earth.  It  only  explains  what  paffed  in  ages  fo 
remote,  that  few  veftiges  remain  ; a man  may, 
therefore,  affirm  what  he  pleafes,  and  what  he 
fays  will  be  accompanied  with  more  or  lefs  pro- 
bability, in  proportion  to  the  extent  of  his  ta- 
lents. To  maintain,  with  Whifton,  that  the 
earth  was  originally  a comet,  or  with  Leibnitz^ 
that  it  was  a fun,  is  to  affert  what  is  equally 
poffible  or  impoffible  ; it  would,  therefore,  be 
ridiculous  to  inveftigate  either  by  the  laws  of 
probability.  The  inftantaneous  creation  of  the 
world  deftroys  the  notion  of  the  globe’s  being 
covered  with  the  ocean,  and  of  that  being  the 
reafon  why  fea-£hells  are  fo  much  diffhfed 
through  different  parts  of  the  earth,;  for,  if  that 

had 


i26  EXAMINATION  OF 

had  been  the  cafe,  it  muft  of  neceffity  be  allow- 
ed, that  ihells,  and  other  produ&ions  of  the 
ocean,  which  are  ftill  found  in  the  bowels  of 
the  earth,  were  created  long  prior  to  man,  and 
other  land-animals.  Now,  independent  of  fcrip- 
ture-authority,  is  it  not  reafonable  to  think  that 
the  origin  of  all  kinds  of  animals  and  vegetables 
is  equally  ancient  ? 

M.  Scheutzer,  in  a differtation  addrefled  to 
the  Academy  of  Sciences  in  1708,  attributes, 
like  Woodward,  the  change,  or  rather  new  cre- 
ation of  the  globe,  to  the  deluge.  To  account 
for  the  formation  of  mountains,  he  tells  us,  that 
God,  when  he  ordered  the  waters  to  return  to 
their  fubterraneous  abodes,  broke,  with  his  Al- 
mighty hand,  many  of  the  horizontal  ftrata,  and 
elevated  them  above  the  furface  of  the  earth, 
which  was  originally  level.  The  whole  difler- 
tation  was  compofed  with  a view  to  fupport  this 
ridiculous  notion.  As  it  was  neceflary  that  thefe 
eminences  fhould  be  of  a folid  confiftence,  M. 
Scheutzer  remarks,  that  God  only  raifed  them 
from  places  which  abounded  in  ftones.  Hence, 
fays  he,  thofe  countries,  like  Switzerland,  which 
are  very  ftony,  are  likewife  mountainous  ; and 
thofe,  like  Flanders,  Holland,  Hungary,  and  Po- 
land, which  are  moftly  compofed  of  fand  and 
clay  to  great  depths,  have  few  or  no  moun- 
tains *• 

* Vid.  Hifl.  de  l’Acad.  170S.  p.  32. 
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This  author,  like  Woodward,  blends  phyfics 
and  theology  ; and,  though  he  has  made  fome 
good  obfervations,  the  fyftematic  part  of  his 
work  is  weaker  and  more  puerile  than  that  of 
any  of  his  predecefTors.  He  has  even  defcended 
to  declamation,  and  abfurd  pleafantries.  The 
reader,  if  he  defires  to  fee  them,  may  confult 
his  Pifcium  ^uerelce^  &c.  not  to  mention  his 
Phyfica  Sacra , confifting  of  feveral  volumes  in 
folio,  a weak  performance,  fitter  for  the  am  life- 
ment  of  children  than  the  inftrudion  of  men. 

Steno,  and  fome  others,  have  attributed  the 
origin  of  mountains,  and  other  inequalities  up- 
on the  furface  of  the  earth,  to  particular  inun- 
dations, earthquakes,  &c.  But  the  effeds  of 
thefe  fecondary  caufes  could  produce  nothing 
but  flight  changes.  Thefe  caufes  may  co-ope- 
rate with  the  firft  caufe,  namely,  the  tides,  and 
the  motion  of  the  fea  from  eaft  to  weft.  Be- 
fides,  Steno  has  given  no  theory,  nor  even  any 
general  fads,  upon  this  fubjed  *. 

Ray  alleges,  that  all  mountains  have  been 
produced  by  earthquakes,  and  has  written  a 
treatife  to  prove  the  point.  When  we  come  to 
the  article  of  volcano’s,  we  fhall  examine  the 
foundation  of  this  opinion. 

We  cannot  omit  obferving  here,  that  Burnet, 
Whifton,  Woodward,  and  moft  other  authors, 
have  fallen  into  an  error  which  defer ves  to  be 
redified.  They  uniformly  regard  the  deluge  as 

* Vide  Divert,  de  Solid©  intra  Solidum  nato,  & c. 
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an  effed  within  the  compafs  of  natural  caufes* 
although  the  fcripture  reprefents  it  as  an  imme- 
diate operation  of  the  Deity.  It  is  beyond  the 
power  of  any  natural  caufe  to  produce  on  the 
furface  of  the  earth  a quantity  of  water  fufficient 
to  cover  the  higheft  mountains  : And,  although 
a caufe  could  be  imagined  adequate  to  this  ef- 
fect, it  would  ftill  be  impoffible  to  find  another 
caufe  capable  of  making  the  waters  difappear. 
Granting  that  Whifton’s  water  proceeded  from 
the  tail  of  a comet,  we  deny  that  any  of  them 
could  iffue  from  the  abyfs,or  that  the  whole  could 
return  into  it  ; for  the  abyfs,  according  to  him, 
was  fo  environed  and  prefled  on  all  fides  by  the 
terreftrial  cruft,  that  it  was  impoffible  the  comet’s 
attraction  could  produce  the  leaft  motion  in  the 
fluid  it  contained*  far  lefs  any  motion  refem- 
bling  the  tides  : Hence,  not  a Angle  drop  could 
either  proceed  from,  or  enter  into,  the  great 
abyfs.  Unlefs,  therefore,  it  is  fuppofed,  that 
the  waters  which  fell  from  the  comet  were  an- 
nihilated by  a miracle,  they  would  for  ever  have 
remained  on  the  furface,  and  covered  the  tops 
of  the  higheft  mountains.  The  impoffibility  of 
explaining  any  efFeCt  by  natural  caufes,  is  the 
jnoft  eflential  character  of  a miracle.  Our  au- 
thors have  made  feveral  vain  efforts  to  account 
for  the  deluge.  Their  errors  in  phyfics,  and  in. 
the  fecondary  caufes  they  employ,  prove  the 
truth  of  the  fa£t,  as  related  in  fcripture,  and  de~ 
monftrate,  that  the  univerfal  deluge  could  not  be 
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accomplifhed  by  any  other  caufe  than  the  will 
of  the  Deity. 

Befides,  it  is  apparent,  that  it  was  not  at  one 
time,  nor  by  the  hidden  effed  of  a deluge,  that 
the  fea  left  uncovered  thofe  continents  which 
we  inhabit:  it  is  certain,  from  the  authority  of 
fcripture,  that  the  terreftrial  Paradife  was  in 
Afia,  and  that  Afia  was  inhabited  before  the  de- 
luge; confequently,  the  waters,  at  that  period, 
covered  not  this  large  portion  of  the  globe. 
The  earth,  before  the  deluge,  was  nearly  the 
fame  as  now.  This  enormous  quantity  of  wa- 
ter, poured  out  by  Divine  juftice  upon  guilty 
men,  deftroyed  every  living  creature  ; but  it  pro- 
duced no  change  on  the  furface  of  the  earth  ; 
it  deftroyed  not  even  the  plants  ; for  the  pigeon 
returned  to  the  ark  with  an  olive  branch  in  her 
bill. 

4 

Why  then  fhould  we  fuppofe,  with  many  na- 
turalifts,  that  the  waters  of  the  deluge  totally 
changed  the  furface  of  the  globe,  even  to  the 
depth  of  two  thoufand  feet?  Why  imagine  that 
the  deluge  tranfported  thofe  fhells,  which  are 
found  at  the  depth  of  feven  or  eight  hundred 
feet,  immerfed  in  rocks  and  in  marble?  Why  re- 
fer to  this  event  the  formation  of  hills  and  moun- 
tains? And  how  is  it  poffible  to  imagine,  that 
the  waters  of  the  deluge  tranfported  banks  of 
fhells  of  100  leagues  in  length?  I perceive  not 
how  they  can  perfift  in  this  opinion,  unlefs  they 
admit  a double  miracle,  one  to  create  water,  and 
VOL.  I.  i another 
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another  to  tranfport  fhells.  But  as  the  firft  only 
is  fupported  by  holy  writ,  I fee  no  reafon  for 
making  the  fécond  an  article  of  faith. 

On  the  other  hand,  if  the  waters  of  the  de- 
luge had  retired  fuddenly,  they  would  have  car- 
ried off  fuch  immenfe  quantities  of  mud  and 
foil,  as  would  have  rendered  the  land  unfit 
for  culture  till  many  ages  after  this  inunda- 
tion. In  the  inundation  which  happened  in 
Greece,  the  country  that  was  covered  remained 
barren  for  three  centuries*.  Thus  the  deluge 
ought  to  be  regarded  as  a fupernatural  mode  of 
chaftifing  the  wickednefs  of  men,  not  as  an  ef- 
fect proceeding  from  any  natural  caufe.  The 
tiniverfal  deluge  was  a miracle,  both  in  its  caufe 
and  in  its  elfeds.  It  appears  from  the  facred 
text,  that  the  foie  defign  of  the  deluge  was  the 
deftru&ion  of  men  and  other  animals,  and  that 
it  changed  not  in  any  manner  the  furface  of  the 
earth  ; for,  after  the  retreat  of  the  waters,  the 
mountains,  and  even  the  trees,  kept  their  for- 
mer ftations,  and  the  land  was  fuited  for  the 
culture  of  vines  and  other  fruits  of  the  earth. 
It  might  be  aiked,  if  the  earth  was  difiblved  in 
the  waters,  or,  if  the  waters  were  fo  much  agi- 
tated as  to  tranfport  the  fhells  of  India  into  Eu- 
rope, how  the  fifhes,  which  entered  not  into 
the  ark,  were  preferved  ? 

The  notion,  that  the  fhells  were  tranfported 
and  left  upon  the  land  by  the  deluge,  is  the  ge- 

* Vide  a£ta  erudit.  Lipf.  1691,  p.  100. 
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lierai  opinion,  or  rather  fuperftition,  of  natural- 
ifts.  Woodward,  Scheutzer,  and  others,  call 
petrified  fhells  the  remains  of  the  deluge  ; they 
regard  them  as  medals  or  monuments  left  us  by 
God  of  this  dreadful  cataftrophe,  that  the  me- 
morial of  it  might  never  be  effaced  among  men. 
Laftly,  they  have  embraced  this  hypothefis  with 
fo  blind  a veneration,  that  their  only  anxiety  is 
to  reconcile  it  with  holy  writ;  and,  in  place  of 
deriving  any  light  from  obfervation  and  experi- 
ence, they  wrap  themfelves  up  in  the  dark  clouds 
of  phyfical  theology,  the  obfcurity  and  littlenefs 
of  which  derogate  from  the  fimplicity  and  dig- 
nity of  religion,  and  prefent  to  the  fceptic  no- 
thing but  a ridiculous  medley  of  human  conceits 
and  divine  truths.  To  attempt  an  explanation 
of  the  univerfal  deluge  and  of  its  phyfical  caufes; 
to  pretend  to  give  a detail  of  what  paffed  during 
this  great  revolution  ; to  conjecture  what  effeds 
have  refulted  from  it;  to  add  fads  to  the  facred 
writings,  and  to  draw  confequences  from  thefe 
interpolations;  is  not  this  a prefumptuous  de- 
fire of  fcanning  the  power  of  the  Almighty? 
The  natural  wonders  wrought  by  his  beneficent 
hand,  in  a uniform  and  regular  manner,  are  al- 
together incomprehenfible  ; his  extraordinary 
operations,  or  his  miracles,  ought,  therefore,  to 
imprefs  us  with  an  awful  aftonifhment,  and  a 
filent  refped. 

It  may  flill  be  urged,  that,  as  the  univerfal  de- 
luge is  an  eftablifhed  fad,  is  it  not  lawful  to  rea- 
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fon  upon  its  confequences?  True*  But  you  mull 
commence  with  acknowledging,  that  the  deluge 
could  not  poflibly  be  the  effe£t  of  any  phyfical 
caufe;  you  muft  regard  it  as  an  immediate 
operation  of  the  Deity  ; you  muft  content  your- 
felf  with  what  is  recorded  in  fcripture  ; and 
you  muft,  above  all,  avoid  blending  bad  philo- 
fophy  with  the  purity  of  divine  truth.  After 
taking  thefe  precautions,  which  a refpecft  for  the 
eounfels  of  the  Almighty  requires,  what  remains 
for  examination  upon  the  fubjedt  of  the  deluge  ? 
Do  the  facred  writings  tell  us  that  the  moun- 
tains were  formed  by  the  deluge  ? They  tell  u& 
the  reverfe.  Do  they  inform  us  that  the  agita- 
tion of  the  waters  was  fo  great,  as  to  raife  the 
fhells  from  the  bottom  of  the  ocean,  and  to  dif- 
perfe  them  over  the  face  of  the  earth  ? No:  The 
ark  moved  gently  on  the  furface  of  the  waters* 
Do  they  tell  ns,  that  the  earth  fuffered  a total 
diflolution  ? By  no  means.  The  narration  of  the 
facred  hiftorian  is  fimple  and  true;  that  of  natu- 
xalifts  is  complicated  and  fabulous* 
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ARTICLE  VI. 

Geography • 

TH E furface  of  the  earth  is  not,  like  that 
of  Jupiter,  divided  into  alternate  bands  or 
belts,  parallel  to  the  equator.  On  the  contrary 
it  is  divided,  from  one  pole  to  the  other,  into 
two  belts  of  earth,  and  two  of  fea.  The  firft 
and  principal  belt  is  the  ancient  Continent,  the 
greateft  length  of  which  is  a line  commencing  at 
the  moft  eaflern  point  of  the  north  of  Tartary, 
and  extending  from  thence  to  the  neighbour- 
hood of  the  gulf  of  Linchidolin,  where  the 
Ruffians  fiffi  whales  ; from  thence  to  Tobolfki  ; 
from  Tobolfki  to  the  Cafpian  fea;  from  the  Caf- 
pian  fea  to  Mecca  ; from  Mecca  to  the  weftern 
part  of  the  country  inhabited  by  the  Galli  in 
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Africa  ; from  thence  to  Monoemuci,  or  Mono- 
motapa  ; and,  laftly,  to  the  Cape  of  Good  Hope. 
This  line  is  about  3600  leagues  in  length,  and  is 
never  interrupted  but  by  the  Cafpian  and  the 
Red  Seas,  the  breadth  of  which  is  inconfider- 
able,  and  ought  not  to  be  regarded,  efpecially 
as,  like  our  feafons,  the  whole  furface  of  the 
globe  is  divided  into  four  parts  only. 

This  greateft  length  of  the  Old  Continent  lies 
in  a diagonal  line  ; for,  if  meafured  by  a meri- 
dian, it  will  appear,  that,  from  the  northernmoft 
point  of  Lapland  to  the  Cape  of  Good  Hope, 
exceeds  not  2500  leagues  ; and  that  this  line, 
though  fhorter,  meets  with  greater  interruptions 
from  the  Baltic  and  Mediterranean.  With  re- 
gard to  all  other  lines  which  could  be  drawn  un- 
der the  fame  meridians  in  the  Old  Continent, 
they  muft  ftill  be  fhorter  than  thofe  we  have 
mentioned.  For  example,  from  the  moft  fouth- 
ern  point  of  the  Bland  of  Ceylon  to  the  north- 
ernmoft coaft  of  Nova  Zembla,  is  1800  leagues. 
In  the  fame  manner,  if  the  Continent  be  meafur- 
ed by  lines  parallel  to  the  equator,  its  greateft 
length,  without  much  interruption  by  feas,  will 
ftretch  from  Trefana,  on  the  weft  coaft  of  Africa, 
to  Ninpo,  on  the  eaft  coaft  of  China,  which 
is  about  2800  leagues.  Another  line  may  begin 
near  Breft,  and  extend  to  the  coaft  of  Chinefe 
Tartary,  which  will  be  nearly  2300  leagues. 
From  Bergen  in  Norway,  to  the  coaft  of  Kamt- 
fchatka,  is  only  1800  leagues.  All  thefe  lines 
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are  much  fhorter  than  the  firft.  Hence  the 
greateft  length  of  the  Old  Continent  extends 
from  the  eaftern  point  of  Tartary  to  the  Cape 
of  Good  Hope,  and  is  about  3600  leagues.  See 
plate  I. 

This  line  may  be  confidered  as  the  middle  of 
the  ancient  Continent;  for,  in  meafuring  the 
furface  on  each  fide  of  it,  I find,  that  on  the 
left,  there  are  2,471,0921- fquare  leagues  ; and, 
on  the  right,  there  are  2,469,687,  which  is  an 
equality  fo  aftonifhing,  as  to  render  it  extremely 
probable  that  this  line,  which  is  the  longeft,  at 
the  fame  time  really  divides  the  contents  of  the 
ancient  Continent. 

Hence  the  Old  Continent  confifls  of  about 
4,940,780  fquare  leagues,  which  is  a fifth  part 
of  the  furface  of  the  globe,  and  may  be  regarded 
as  a large  belt  of  earth,  with  an  inclination  to 
the  equator  of  about  30  degrees. 

The  New  Continent  is  another  belt  of  earth, 
the  greateft  length  of  which  may  be  taken  from 
the  mouth  of  the  river  Plata  to  the  lake  of  the 
Alfiniboils.  This  line  pafles  from  the  mouth  of 
the  river  Plata  to  Lake  Caracara  ; from  thence 
to  Mataguais,  Pocona,  Zongo,  Mariana,  Mo- 
rua,  St.  Fe,  and  Carthagena  ; then  it  pafles 
through  the  gulf  of  Mexico  to  Jamaica  and 
Cuba  ; from  thence  along  the  peninfula  of  Flo- 
rida, through  Apalache,  Chicachas  ; and  from 
thence  to  St.  Louis,  Fort  le  Sueur,  and  termi- 
nates in  the  country  bordering  on  Lake  Affini- 
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bolls,  the  extent  of  which  is  unknown.  See 

plate  II. 

This  line  is  interrupted  only  by  the  Gulf  of 
Mexico,  (which  may  be  confidered  as  a Medi- 
terranean fea,)  is  about  2500  leagues  in  length, 
and  divides  the  New  Continent  nearly  into  two 
equal  parts,  that  on  the  left  containing  1,069,2864. 
leagues  fquare,  and  that  on  the  right  1,070, 926—- 
It  is  the  middle  of  the  belt  of  land  called  the 
New  Continent,  and  is  likewife  inclined  to  the 
equator  about  30  degrees,  but  in  an  oppofite  di- 
rection ; for  that  of  the  Old  Continent  extends 
from  the  north-eaft  to  the  fouth-weft  ; but  that 
of  the  New  Continent  from  north-weft  to  fouth- 
eaft.  The  fuperficial  contents  of  the  Old  and 
New  Continents  are  about  7,080,993  fquare 
leagues,  not  near  a third  part  of  the  furface  of 
the  globe,  which  contains  25,000,000  fquare 
leagues. 

Of  thefe  lines,  which  divide  the  Continents 
into  two  equal  parts,  it  may  be  remarked, 
that  they  both  terminate  at  the  fame  degrees  of 
north  and  fouth  latitude;  and  that  the  two  Con- 
tinents make  mutual  advances,  or  projections, 
exaCtly  oppofite  to  each  other,  namely,  thofe  on 
the  African  coaft,  from  the  Canary  Illes  to  Guir 
ney  ; and  thofe  of  America,  from  Guiana  to 
the  mouth  of  the  Rio-Janeiro. 

It  is,  therefore,  apparent,  that  the  moft  ancient 
lands  on  the  globe  are  thofe  which  extend  from 
£00  to  250  leagues  on  each  fide  of  the  two  lines 
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above  defcribed.  Agreeable  to  this  idea,  which 
is  founded  on  the  obfervations  already  made,  we 
find  that,  in  the  Old  Continent,  the  moft  an- 
cient countries  of  Africa  are  thofe  which  ftretch 
from  the  Cape  of  Good  Hope  to  the  Red  Sea 
and  Egypt,  and  are  about  500  leagues  broad; 
and,  confequently,  that  the  whole  weftern  coaft 
of  Africa,  from  Guiney  to  the  Straits  of  Gibral- 
tar, are  new  lands.  In  the  fame  manner,  if  we 
trace  this  line  through  Afia,  and  include  an  equal 
breadth,  we  fhall  find,  that  the  moft  ancient 
countries  are,  the  two  Arabia’s,  Perfia,  Georgia, 
Turcomania,  a part  of  Independent  Tartary, 
Circaffia,  part  of  Mufcovy,  &c.  ; and,  of  courfe, 
that  Europe,  and  perhaps  alfo  China,  and  the 
eaftern  part  of  Tartary,  are  comparatively  new 
countries. 

In  the  New  Continent,  we  fhall  likewife  find, 
that  Terra  Magellanica,  the  eaftern  part  of  Bra- 
fil,  of  the  country  of  the  Amazons,  of  Guiana, 
and  of  Canada,  are  new  lands,  when  compared 
with  Tucuman,  Peru,  Terra  Firma,  the  iflands 
in  the  Gulf  of  Mexico,  Florida,  the  Miffifippi, 
and  Mexico.  To  thefe  obfervations  may  be 
added  two  remarkable  fadts.  The  Old  and  New 
Continents  are  nearly  oppofite  to  each  other. 
The  Old  Continent  extends  farther  north  of  the 
equator  than  fouth  ; but  the  New,  farther  fouth 
than  north.  The  centre  of  the  Old  Continent 
lies  in  the  16th  or  18th  degree  of  north  latitude; 
and  the  centre  of  the  New  Continent  lies  in  the 
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1 6th  or  1 8th  degree  of  fouth  latitude,  as  if 
they  were  intended  to  counterbalance  each 
other.  There  is  another  Angular  analogy  be- 
tween the  two  Continents,  though  it  appears  to 
be  chiefly  the  effedt  of  accident.  Both  Conti- 
nents might  be  divided  into  two  portions, 
which  would  be  furrounded  on  all  Tides  by  the 
fea,  except  the  two  fmall  ifthmus’s  of  Suez 
and  Panama. 

Thefe  general  obfervations  on  the  divifion  of 
the  globe  are  the  refuît  of  an  attentive  furvey. 
We  £hall  not,  upon  this  foundation,  eredl  hypo- 
thefes,  or  indulge  in  reafonings,  which  might 
lead  to  falfe  conclufions.  But,  as  the  divifion 
of  the  globe  has  not  hitherto  been  confidered 
tinder  this  point  of  view,  I fhall  hazard  a few 
remarks.  It  is  not  a little  Angular,  that  the 
longeft  line  which  can  be  drawn  upon  the  two 
Continents  fhould,  at  the  fame  time,  divide  them 
into  two  equal  parts.  It  is  not  lefs  remarkable, 
that  thefe  two  lines  fhould  commence  and  termi- 
nate at  the  fame  degrees  of  latitude,  and  have 
the  fame  inclination  to  the  equator.  Thefe  re- 
lations may  lead  to  general  conclufions,  of  which 
we  are  flill  ignorant.  We  fhall  afterwards  exa- 
mine, in  detail,  the  inequalities  in  the  figure  of 
the  two  Continents,  and  fhall  here  only  remark, 
that  the  moft  ancient  countries  fhould  be  found 
in  the  neighbourhood  of  the  above  lines,  and 
fhould,  at  the  fame  time,  have  the  higheft  ele- 
vation ; and  that  the  more  recent  lands  fhould 
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be  mo  ft  remote  from  thefe  lines,  and  likewife  lie 
lower.  Agreeable  to  this  idea,  the  neweft  coun- 
tries in  America  fhould  be  the  land  of  the  Ama- 
zons, Guiana,  and  Canada.  In  examining  the 
map  of  thefe  countries,  we  perceive  that  they 
are  every  where  divided  by  numberlefs  lakes  and 
rivers,  which  is  a ftill  ftronger  indication  of 
their  recent  origin.  On  the  other  hand,  the  re- 
gions of  Tucuman,  Peru  and  Mexico,  are  high 
mountains,  and  fituated  near  the  line  that  di- 
vides the  continent  ; circumftances  which  feem 
to  prove  the  fuperior  antiquity  of  thefe  coun- 
tries. Africa  is  alfo  extremely  mountainous, 
and  at  the  fame  time  very  ancient.  In  this  part 
of  the  globe,  Egypt,  Barbary,  and  the  weftern 
coaft,  as  far  as  Senegal,  can  only  be  ccnfidered 
as  new  lands.  Afia  is  perhaps  the  moft  ancient 
of  all  countries,  efpecialiy  Arabia,  Perfia,  and 
Tartary.  But  the  inequalities  of  this  great  di- 
vifion  of  the  globe,  as  well  as  thofe  of  Europe, 
{hall  be  treated  of  in  a feparate  article.  We  fhall 
only  remark,  in  general,  that  Europe  is  a new 
country,  as  appears  from  thqfe  univerfal  tradi- 
tions concerning  migrations  of  different  nations, 
and  the  origin  of  arts  and  fciences.  It  is  not 
long  fmce  Europe  was  full  of  marfhes  and  fo- 
refts.  But,  in  countries  anciently  inhabited, 
there  are  few  woods,  lakes,  or  marfhes,  but  a 
great  deal  of  heath  and  fhrubs,  and  many  high 
mountains,  vrith  dry  and  barren  tops  ; for  men 
deftroy  woods,  drain  marfhes  and  lakes,  and,  in 
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procefs  of  time,  give  an  appearance  to  the  face 
of  the  earth  totally  different  from  that  of  unin- 
habited or  newly-peopled  countries, 

A fmall  portion  of  the  globe  only  was  known 
to  the  ancients.  The  whole  of  America,  the 
Artie  Circle,  Terra  Auftralis  and  Magellanica, 
and  a great  part  of  the  interior  regions  of  Afri- 
ca, were  unknown  to  them.  They  knew  not 
that  the  Torrid  Zone  was  inhabited,  although 
they  had  failed  round  Africa,  About  2200 
years  ago,  Neco  King  of  Egypt  furnifhed  fome 
veliels  to  the  Phoenicians,  who  failed  down  the 
Red  Sea,  doubled  the  Cape  of  Good  Hope,  and 
the  third  year  after  their  departure  they  entered 
the  Mediterranean  by  the  ftraits  of  Gibraltar*. 
The  ancients,  notwithftanding,  were  totally  ig- 
norant of  the  polarity  of  the  loadflone,  although 
they  knew  its  power  of  attrading  iron  ; they 
knew  not  the  caufe  of  the  tides  ; and  they  were 
uncertain  whether  the  ocean  furrounded  the 
globe.  Some  of  them,  indeed,  fufpeded  that  it 
might  be  fo  ; but  thefe  conjedures  were  fo  ill 
founded,  that  none  of  them  ever  dreamed  of  its 
being  poffible  to  circumnavigate  the  earth.  Ma- 
gellan, in  the  year  1519,  was  the  firft  who  at- 
tempted this  great  voyage;  and  he  accomplifhed 
it  in  1 1 24days.  Francis  Drake,  in  the  year  1577, 
was  the  fécond  ; and  he  performed  it  in  1056 
days.  Thomas  Cavendifh  fet  out  upon  this 
voyage  in  1586,  and  finiflied  it  in  777  days. 

* See  Herodotus,  lib.  4. 
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Thefe  celebrated  navigators  were  the  firfi:  who 
gave  a phyfical  demonftration  of  the  fphericity 
and  extent  of  the  circumference  of  the  earth* 
The  ancients,  though  they  travelled  much,  had 
no  adequate  idea  of  the  extent  of  the  globe. 
They  were  equally  ignorant  of  the  trade-winds, 
which  are  fo  ufeful  in  long  voyages.  Their  li- 
mited knowledge  in  geography,  therefore, 
fliould  not  furprife  us,  efpecially  when  it  is  con- 
fidered,  that,  notwithftanding  the  advantages 
derived  from  the  mathematical  fciences,  and 
from  the  difcoveries  of  navigators,  many  points 
remain  ftiil  undetermined,  and  vaft  regions  are 
yet  undifcovered.  Of  the  countries  in  the 
neighbourhood  of  the  fouth  pole,  we  only  know 
that  they  exift,  and  that  they  are  feparated  from 
the  other  continents  by  the  ocean  *.  Much, 
likewife,  remains  to  be  difcovered  concerning 
the  lands  near  the  north  pole  : And  it  is  a fub- 
ject  of  regret,  that,  for  a century  paft,  the  ar- 
dour for  difcovering  new  countries  has  greatly 
abated.  The  nations  of  Europe  feem,  and  per- 
haps they  are  right,  more  difpofed  to  increafe 
the  value  of  thofe  countries  they  have  already 
difcovered,  than  to  acquire  new  territories. 

The  difcovery,  however,,  of  the  Southern 
Continent  would  be  a grand  objed:  of  curiofity, 
and  might  be  attended  with  the  greateft  advan- 
tages. A few  of  its  coafts  have  been  recognif- 
ed  ; but  thofe  navigators,  who  have  attempted 

• Captain  Cooke,  in  his  late  voyage,  has  demonftrated,  in  the 
completed  manner,* that  no  continent  exifts  near  the  fouth  pole. 
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this  difcovery,  have  always  been  prevented 
from  reaching  land  by  large  bodies  of  ice.  The 
thick  fogs  which  infeft  thofe  feas  form  another 
obftacle.  But,  notwithftanding  all  thefe  inconve- 
niencies,  it  is  probable,  that,  by  fetting  out  from 
the  Cape  of  Good  Hope  at  different  feafons,  part 
of  this  new  world  might  flill  be  difcovered. 

Another  . method  might,  perhaps,  be  attended 
with  more  fuccefs.  To  avoid  the  fogs  and  the 
ice,  the  difcovery  might  be  attempted,  by  de- 
parting from  Baldivia,  orfome  other  port  on  the 
coaft  of  Chili,  and  traverfing  the  fouth  fea  un- 
der the  50th  degree  of  fouth  latitude.  This  na- 
vigation appears  not  to  be  hazardous  ; and  it  is 
probable  that  it  would  be  attended  with  the  dif- 
covery of  new  lands  ; for  the  regions  about  the 
fouth  pole,  flill  unknown,  are  fo  extenfive,  that 
they  may  be  computed  to  be  about  a fourth  part 
of  the  globe  ; and,  confequently,  may  contain  a 
country  as  large  as  the  whole  of  Europe,  Afia, 
and  Africa. 

While  we  remain  ignorant  of  this  part  of  the 
earth,  we  cannot  determine  the  proportion  the 
furface  of  the  land  bears  to  that  of  the  ocean  ; 
from  what,  we  do  know,  it  appears  that  there  is 
more  fea  than  land. 

To  acquire  an  idea  of  the  vaft  quantity  of 
water  in  the  ocean,  we  muft  fuppofe  a medium 
depth,  for  example,  that  of  200  fathoms,  or  the 
fixth  part  of  a league.  Upon  this  luppofition, 
there  is  as  much  water  in  the  ocean  as  would  be 
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fuffîcient  to  cover  the  whole  globe  to  the  depth 
of  600  feet;  or,  if  coile&ed  into  one  mafs,  it 
would  form  a globe  of  60  leagues  in  diameter. 

It  is  alleged  by  navigators,  that  the  latitudes 
near  the  fouth  pole  are  much  colder  than  the 
fame  latitudes  towards  the  north.  But  this  opi- 
nion feems  to  have  no  foundation.  It  appears 
to  have  been  adopted  from  the  circumftance  of 
ice  appearing  in  latitudes  where  none  is  found 
in  the  northern  feas.  But  this  effed  may  be 
owing  to  fome  peculiar  caufes.  After  the  month 
of  April,  there  is  no  ice  on  this  fide  of  67  or  68 
degrees  of  north  latitude  ; and  the  favages  of 
Acadia  and  of  Canada  fay,  that  if  the  ice  be  not 
melted  in  April,  it  indicates  a cold  and  rainy 
fummer.  The  year  1725  was  diftinguifhed  by 
an  almoft  perpetual  rain;  and,  in  April,  the  ice 
in  the  northern  feas  was  not  only  not  melted  at 
the  67th  degree,  but,  on  the  15th  of  June,  it 
was  found  in  lat.  41  or  42'*. 

Great  quantities  of  floating  ice  appear  in  the 
north  feas,  efpecially  at  confiderable  diftances 
from  land.  They  come  from  the  Tartarean  fea, 
into  that  of  Nova  Zembla  and  other  parts  of 
the  Frozen  Ocean.  I have  been  afliired,  by  people 
worthy  of  credit,  that  an  Englifh  Captain,  call- 
ed Manfon,  inftead  of  fearching  for  a paflfage  to 
China  between  the  northern  lands,  direded  his 
courfe  ftraight  to  the  pole  till  he  arrived  within 
two  degrees  of  it  ; and  that,  in  this  courfe,  he 
* See  l’Hift,  de  F Acad,  anneé  1727. 
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found  an  open  fea,  and  no  ice  ; which  is  a clear 
proof  that  the  ice  is  always  formed  near  the 
land,  and  never  in  an  extenfive  fea:  For,  though 
it  fhould  be  fuppofed,  contrary  to  probability, 
that  the  cold  was  fo  intenfe  at  the  pole  as  to 
freeze  the  furface  of  the  fea,  it  is  flill  inconceiv- 
able how  thefe  enormous  floating  mafles  could 
be  formed,  without  being  attached  to  the  land, 
from  which  they  are  again  feparated  by  the  heat 
of  the  fun.  Two  veflels  fent  by  the  Eaft  India 
Company,  in  1739,  to  difcover  land  in  the 
fouth  feas,  found  boards  of  ice  in  lat.  47  or  48  ; 
but  they  were  not  very  diftant  from  the  fhore, 
which  was  in  view,  though  the  veflels  could  not 
make  their  landing  good*.  Thefe  boards  of 
ice  muft  have  been  detached  from  the  lands  in 
the  neighbourhood  of  the  fouth  pole  ; and  it 
may  be  conjectured  that  they  follow  the  courfe 
of  fome  large  rivers  in  thefe  unknown  regions, 
in  the  fame  manner  as  the  Oby,  the  Jenifca, 
and  other  great  rivers  that  fall  into  the  north 
feas,  carry  down  boards  of  ice,  which  fhut  up, 
during  the  greateft  part  of  the  year,  the  ftraits 
of  Waigat,  and  render  the  fea  of  Tartary,  by 
this  courfe,  altogether  inacceflible  ; while,  be- 
yond Nova  Zembla,  and  nearer  the  pole,  where 
there  is  little  land  and  few  rivers,  boards  of  ice 
are  lefs  frequent,  and  the  fea  is  more  navigable. 
Hence,  if  any  farther  attempts  be  made  to  find 
a paflage  to  China  and  Japan  by  the  north  feas, 

* See  on  this  fubjeft  a chart  by  M.  Buache,  1739. 
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it  will,  perhaps,  be  neceffary  to  keep  at  a diftance 
from  the  land  and  the  ice,  to  fleer  dire&ly  to- 
wards the  pole,  and  to  explore  the  raoft  open 
feas,  where  unqueftionably  there  is  little  or  no 
ice:  For  it  is  well  known,  that  fait  water  can 
take  on  a greater  degree  of  cold,  without  freezing, 
than  frefli  water  after  it  is  congealed;  confe- 
quently,  the  exceflive  cold  at  the  pole  may  ren- 
der the  fea  colder  than  ice,  without  freezing  its 
furface.  Befides,  at  80  or  82  degrees,  the  fea, 
though  mixed  with  fnow  and  frefh  water,  is  ne- 
ver frozen,  except  near  the  coafts.  From  the 
united  teftimony  of  feveral  navigators,  it  is  ap- 
parent, that  there  is  a paffage  from  Europe  to 
China  by  the  north  fea  : The  reafon  why  it 
has  fo  often  been  in  vain  attempted  is  obvious. 
Fear  prevented  the  undertakers  from  keeping  at 
a fufficient  diftance  from  the  land,  and  from  ap- 
proaching the  pole,  w'hich  they  probably  ima- 
gined to  be  an  immenfe  rock. 

William  Barents,  however,  who,  like  many 
others,  had  run  aground  in  his  voyage,  never 
doubted  the  exiftence  of  frich  a paffage,  or  that, 
if  he  had  kept  farther  from  land,  he  would  have 
found  an  open  fea  without  ice.  The  Ruffian 
navigators  fent  by  the  Czar  to  reconnoitre  the 
north  fea,  relate,  that  Nova  Zembla  is  not  an 
ifland,  but  a part  of  Tartary,  and  that,  to  the 
north  of  it,  there  is  a free  and  open  fea.  A 
Dutch  voyager  affirms,  that  wffiales  are  occafion- 
ally  thrown  upon  the  coafts  of  Corea  and  of 
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Japan,  with  European  harpoons  flicking  in  their 
backs.  Another  Hollander  alleges,  that  he  had 
penetrated  to  the  pole  itfelf,  and  affures  us,  that 
in  was  as  warm  as  at  Amflerdam  in  fummer. 
One  Goulden,  an  Englifhman,  who  had  made 
above  thirty  voyages  to  Greenland,  related  to 
Charles  II.  that  two  Dutchmen,  who  failed  along 
with  him,  having  been  unfuccefsful  in  fifhing 
off  the  coafl  of  the  Me  of  Edges,  refolved  to 
proceed  northward  \ that,  upon  their  return* 
fifteen  days  after,  they  told  him,  that  they  had 
been  at  the  89th  degree  of  latitude,  where  they 
found  no  ice,  but  an  open,  deep  fea,  like  that  in 
the  Bay  of  Bifcay  ; and  that  they  fhowed  him  the 
two  {hips  journals  in  fupport  of  what  they  ad- 
vanced. In  fine,  it  is  related  in  the  Philofophicaî 
Tranfa&ions,  that  two  navigators,  who  engaged 
in  the  difcovery  of  this  paffage,  penetrated  300 
leagues  to  the  eafl  of  Nova  Zernbla  ; but,  on 
their  arrival,  the  Eafl  India  Company,  who 
thought  they  had  an  intereft  in  preventing  the 
difcovery,  allowed  them  not  to  return  that  way  to- 
Europe*.  But  the  Dutch  Eafl  India  Company, 
who  believed  themfelves  interefled  in  the  dif- 
covery, having  made  unfuccefsful  attempts  on 
the  European  fide,  tried  to  find  it  by  the  way 
of  Japan  ; and  they  would  probably  have  fuc- 
ceeded,  if  the  Emperor  of  China  had  not  pro- 
hibited all  flrangers  from  navigating  on  the 
coafls  of  the  lands  of  Jeffo.  This  paffage,.  there- 
* See  Collect,  of  Voyages  to  the  North,  p.  200. 
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fore,  cannot  be  found  but  by  fleering  diredly 
to  the  pole  beyond  Spitzbergen,  or  rather  by 
keeping  the  open  fea  between  Nova  Zembla  and 
Spitzbergen,  under  the  79th  degree  of  latitude. 
For  the  reafons  already  given,  there  is  no  occa- 
fion  to  dread  ice,  even  under  the  pole  itfelf  ; 
for  there  is  no  example  of  a large  fea  freezing  at 
a great  diflance  from  land.  The  only  fea  that 
freezes  totally  is  the  Black  Sea,  which  is  nar- 
row, contains  little  fait,  and  receives  from  the 
northern  countries  a number  of  rivers,  and  large 
boards  of  ice.  If  we  may  credit  hiftorians,  this 
fea,  in  the  time  of  the  Emperor  Copronymus, 
froze  to  the  depth  of  30  cubits.  This  may  be 
an  exaggeration  : But  that  it  freezes  every  win- 
ter is  certain,  while  open  feas,  1000  leagues 
nearer  the  pole,  never  do.  This  fad  can  only 
be  explained  by  the  fuperior  faltnefs,  and  the 
comparatively  fmall  quantity  of  ice-boards  which 
thefe  feas  receive. 

Boards  of  ice,  which  have  been  regarded  as 
invincible  obflacles  to  navigation  near  the  poles, 
prove  only  the  exiflence  of  large  rivers  in  the 
neighbourhood  of  the  places  where  they  appear. 
They  alfo  demonflrate  the  exiflence  of  vaft  con- 
tinents, from  which  thefe  rivers  derive  their 
fources  ; and,  therefore,  we  ought  not  to  be  dis- 
couraged by  their  appearance  : Befides,  very 
little  refledion  will  convince  us,  that  thefe  boards 
of  ice  mufl  be  confined  to  particular  places  ; 
that  it  is  impoflible  they  fhouM  occupy  the 
whole  circle  in  which  the  fouthern  continent  is 
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fuppofed  to  be  contained  ; and,  therefore,  if  a 
different  route  were  taken,  we  have  reafon  to 
hope  for  fuccefs.  From  the  defcription  of  New 
Holland,  given  by  Dampier,  and  others,  it  is 
probable,  that  this  part  of  Terra  Auftralis,  which 
is,  perhaps,  a part  of  the  fouthern  continent,  is  a 
country  lefs  ancient  than  what  remains  to  be 
difcovered.  New  Holland  lies  low;  it  has 
neither  mountains  nor  rivers;  it  is  thinly  in- 
habited, and  the  natives  have  no  induftry.  All 
thefe  circumftances  induce  us  to  think,  that 
the  favages  of  New  Holland  are  fimilar  to  thofe 
of  the  Amazons,  and  of  Paraguay,  in  America. 
In  Peru  and  Mexico,  winch  are  the  moft  ele- 
vated, and,  of  courte,  the  moft  ancient  coun- 
tries of  America,  the  manners  of  the  inha- 
bitants were  polithed  ; and  they  were  divided 
into  diftindt  nations,  governed  by  fovereigns 
and  by  laws.  Savages,  on  the  contrary,  are  al- 
ways found  in  low  and  new  countries.  Hence 
we  may  prefume,  that,  in  the  elevated  and  inte- 
rior parts  of  the  fouthern  continent,  from  which 
iffue  thofe  large  rivers  that  carry  down  boards  of 
ice  to  the  fea,  there  are  men  united  by  the  bonds 
of  fociety. 

The  interior  parts  of  Africa  are  nearly  as  little 
known  to  us  as  they  were  to  the  ancients.  They 
had  circumnavigated  this  immenfe  peninfula  ; 
but  they  have  neither  left  us  charts  nor  defcrip- 
tions  of  its  coafts.  Pliny  tells  us,  that  this  voyage 
was  performed  in  the  days  of  Alexander  the 
Great;  that  the  wrecks  of  fome  Spanifh  fhips 
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were  found  in  the  Arabian  fea;  and  that  Hanno, 
the  Carthaginian  General,  had  failed  from  Gades 
to  the  Arabian  gulf,  and  had  written  a relation 
of  the  voyage.  He  farther  informs  us,  that,  in 
the  days  of  Cornelius  Nepos,  one  Eudoxus,  who 
had  been  perfecuted  by  King  Lathurus,  was 
obliged  to  fly  ; that  he  departed  from  the  Ara- 
bic gulf,  and  arrived  at  Gades  ; and  that,  pre- 
vious to  this  period,  Spain  carried  on  a trade 
by  fea  with  Æthiopia*.  But,  thefe  teftimonies 
notwithftanding,  we  are  of  opinion,  that  the  an- 
cients never  doubled  the  Cape  of  Good  Hope  : 
Every  man  confidered  the  voyage  of  the  Por- 
tuguefe  to  the  Eaft  Indies  as  a new  difcove- 
ry.  It  will  not  be  incurious  to  fee  the  fenti- 
ments  entertained  of  this  fubjed  in  the  ninth 
century.  4 In  our  days,  a difcovery  has  been 
4 made  which  was  totally  unknown  to  thofe 
4 who  lived  before  us.  No  man  believed,  or 
4 could  fufpedt,  that  the  fea  which  reaches  from 
4 the  Indies  to  China,  had  any  communication 
4 with  the  fea  of  Syria.  But  we  have  lately 
4 found,  according  to  my  information,  in  the 
4 Mediterranean,  or  fea  of  Roum , the  wreck  of 
4 an  Arabian  fhip  which  had  been  ftaved  to 
4 pieces  by  a tempeft.  Some  of  thefe  pieces  had 
4 been  carried,  by  the  wind  and  the  waves,  into 
4 the  fea  of  the  Cozars  ; from  thence  round  to 
4 the  Mediterranean,  and  along  that  fea  to  the 
6 coafl;  of  Syria.  This  is  a demonftration  that  the 

* See  Plin.  Hift.  Nat.  tom.  i.  lib.  2. 
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4 ocean  Surrounds  China  and  Cila,  the  extremity 
4 of  Turquefton,  and  the  country  of  the  Cozars, 
4 and  that,  at  laft,  it  enters  by  the  Straits,  and 
4 wafhes  the  borders  of  Syria.  The  evidence 
4 arifes  from  the  conftru&ion  of  the  veflel  ; for 
4 there  are  no  fhips  but  thofe  of  Siraf  whofe 
4 planks  are  not  nailed.  But  the  veflel  above 
4 mentioned  had  all  her  planks  Hitched  together 
4 in  a manner  peculiar  to  the  Arabians.  But 
4 all  veflels  belonging  to  the  Mediterranean,  and 
4 the  coaft  of  Syria,  have  their  timbers  fattened 
4 with  nails 

I fhall  fubjoin  the  remarks  added  by  the  trans- 
lator of  this  ancient  relation; 

4 Abuziel  remarks,  as  a thing  perfedly  new, 
4 that  a veflel  had  been  carried  from  the  Indian 
4 fea,  and  thrown  upon  the  coaft  of  Syria.  To 
4 find  a paflage  for  it  into  the  Mediterranean, 

4 he  fuppofes,  that  there  is  a great  extent  of  fea 
4 beyond  China,  which  communicates  with  the 
4 fea  of  the  Cozars,  or  of  Mufcovia.  The  fea 
4 beyond  Cape  Current  was  entirely  unknown 
4 to  the  Arabians,  on  account  of  the  extreme 
4 hazard  of  navigating  it,  and  becaufe  the  con- 
4 tinent  was  inhabited  by  a people  fo  barbarous, 

4 that  it  was  impofiible  either  to  conquer  them, 

4 or  to  civilize  them  by  commerce.  The  Por- 
4 tuguefe  found  not,  from  the  Cape  of  Good 
4 Hope  to  Soffala,  any  Moors  who  had  an  efta^ 

* See  Les  anciennes  relationes  des  voyages  faits  par  terre  a 
la  Chine,  p.  53. 
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4 lifhed  fettlement,  like  thofe  in  all  the  maritime 
4 villages  as  far  as  China,  which  was  the  fartheft 
4 place  known  to  geographers.  But  they  could 
4 not  tell  whether  the  Chinefe  fea  communi- 
4 cated  with  that  of  Barbary  by  the  extremity 
4 of  Africa  ; they  only  defcribed  it  to  the  coaft 
4 of  Zinga  or  Caffraria.  We  cannot,  therefore, 
4 hefitate  in  pronouncing,  that  the  firft  difcovery 
4 of  the  paflage  of  this  fea,  by  the  Cape  of  Good 
4 Hope,  was  made  by  the  Europeans,  under  the 
4 command  of  Vafca  de  Gama,  or,  at  leaft,  a 
4 few  years  before  he  doubled  that  Cape,  if  we 
4 may  credit  fome  fea-charts  of  an  older  date, 
4 where  the  Cape  is  marked  under  the  name  of 
4 Frontcira  da  Africa . Antony  Galvan  relates, 
4 upon  the  teftimony  of  Francifco  de  Soufa  Ta- 
4 vares,  that,  in  1528,  the  Infant  Don  Ferdi- 
4 nand  fhewed  him  a fimilar  chart  from  the 
4 monaftery  of  Acoboca,  dated  120  years  be- 
4 fore,  copied,  perhaps,  from  that  faid  to  be 
4 in  the  treafury  of  St  Marc  at  Venice,  on 
4 which  the  point  of  Africa  is  likewife  deline- 
4 ated,  according  to  the  evidence  of  Ramufio,’ 
&c. 

The  ignorance  of  thefe  ages  concerning  the 
navigation  round  Africa  is  not,  perhaps,  fo 
fingular  as  the  filence  of  the  editor  of  this  an- 
cient relation  with  regard  to  the  paffages  in 
Herodotus,  Pliny,  &c.  which  we  have  quoted, 
and  which  proved  that  the  ancients  had  failed 
round  Africa. 
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However  this  matter  ftands,  the  coafts  of  Afri- 
ca are  now  well  known.  But  all  the  attempts 
which  have  been  made  to  penetrate  into  the  in- 
terior parts,  have  not  furniftied  us  with  exaët 
accounts.  It  would  be  a great  obje£t  to  go  far 
up  the  country,  by  means  of  the  Senegal,  or 
fome  other  great  river,  and  eftablifh  fettlements. 
According  to  every  appearance,  we  fhould  there 
find  a country  as  rich  in  precious  metals  as  Peru 
or  Brafil.  It  is  well  known,  that  the  rivers  of 
Africa  abound  in  gold  duft;  and,  as  the  country 
is  very  high  and  mountainous,  and  is,  befides, 
fituated  under  the  equator,  it  unqueftionably 
contains,  as  well  as  America,  mines  of  the  hea- 
vied  metals,  and  (tones  of  the  hardefl  and  molt 
compact  texture. 

The  vafl  extent  of  north  and  eaft  Tartary  is 
but  a late  difcovery.  If  the  Ruffian  charts  be  juft, 
we  know  the  whole  coaft  of  this  part  of  Afia  ; 
and  it  appears,  that,  from  the  termination  of  eaft 
Tartary  to  North  America,  it  is  an  extent  not 
above  400  or  500  leagues.  It  has  even  been  lately 
reduced  to  a much  fhorter  fpace.  In  the  Amfter- 
dam  Gazette  of  24th  January  1747,  under  the 
article  Peterfburgh,  it  is  alleged,  that  M.  Stolle- 
ravoit  had  difcovered,  beyond  Kamtfchatka,  one 
of  the  North  American  ifles,  and  that  he  had  de- 
monftrated  that  we  might  fail  from  Ruffia  to 
America  by  a very  fhort  paflage.  The  Jefuits 
and  other  miffionaries  alfo  pretended  to  have 
known  favages  in  Tartary,  whom  they  had  ca- 
techized in  America,  which  fuppofes  the  paffage 

to 
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to  be  indeed  very  fhort*.  Charlevoix  would 
have  us  believe,  that  the  old  and  new  continents 
are  united  in  the  northern  parts.  He  fays,  that 
fome  late  voyages  of  the  Japanefe  make  it  pro- 
bable that  the  palfage  we  have  been  mentioning 
is  only  a bay,  beyond  which  we  may  pafs,  by 
land,  from  Aiia  to  America.  Eut  this  notion 
requires  confirmation  ; for  it  has  always  been 
thought,  that  the  continent  of  the  North  Pole  is 
probably  feparated  from  all  other  continents,  as 
well  as  that  of  the  South  Pole. 

Aflronomy  and  navigation  have  reached  fo 
high  a pitch  of  perfection,  that  we  may  reafon- 
ably  hope  foon  to  have  an  exaCt  knowledge  of 
the  whole  furface  of  the  globe.  The  ancients, 
who  were  ignorant  of  the  mariners  compafs, 
were  able  to  difcover  a fmàll  part  of  it  only. 
Some  pretend  that  the  Arabians  invented  this  in- 
finiment, and  that,  by  means  of  it,  they  carried 
on  trade  with  India  as  far  as  China  f.  But  this 
notion  has  always  appeared  to  me  to  be  defti- 
tute  of  foundation  ; for  there  is  not  in  the  Ara- 
bian, Turkifh,  or  Perfian  languages,  a word  that 
lignifies  a mariner’s  compafs:  They  ufe  the  Ita- 
lian word  bojfola.  Even  at  this  moment,  they  can 
neither  make  compaffes  nor  give  polarity  to  the 
needle.  They  purchafe  thefe  articles  from  the 
Europeans.  Father  Martini  alleges,  that  the  Chi- 
nefe  have  been  acquainted  with  the  compafs  thefe 

* See  Charlevoix,  tom.  iii.  p.  30. 

f See  P Abrégé  de  l’hift.  des  Sarazins  de  Bergeron,  p.  1 19. 
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3000  years**  If  thefe  fads  be  true,  how  fhould 
it  happen  that  they  have  made  fo  little  ufe  of 
this  infiniment  ? Why,  in  their  voyage  to 
Cochinchina,  did  they  take  a longer  courfe  than 
was  neceflary  ? Why  did  they  always  limit 
themfelves  to  the  fame  expeditions,  the  longeft 
of  which  was  to  Java  and  Sumatra  ? And  why 
did  they  not  difcover,  before  the  Europeans,  a 
vaft  variety  of  iflands  and  of  fertile  countries  in 
their  own  neighbourhood,  if  they  pofleflfed  the 
art  of  navigating  in  the  open  feas  ? It  was  but 
a few  years  after  the  difcovery  of  this  wonder- 
ful quality  of  the  loadftone,  that  the  Portuguefe 
doubled  the  Cape  of  Good  Elope,  and  traverfed 
the  African  and  Indian  oceans,  and  that  Chrif* 
topher  Columbus  failed  to  America. 

It  was  not  difficult  to  conjecture,  that  immenfe 
regions  exifled  in  the  weflern  part  of  the  globe  ; 
for,  on  computing  what  was  known  of  it,  namely, 
the  diftance  from  Spain  to  China,  and  attending 
to  the  revolution  of  the  earth,  or  of  the  heavens, 
it  was  eafy  to  perceive,  that  a greater  extent 
lay  to  the  weft  than  what  had  been  already 
difcovered  on  the  eaft.  That  the  ancients  found 
not  the  new  world,  was  not  owing  to  a deficiency 
in  aftronomical  fcience,  but  folely  to  their  ig- 
norance of  the  compafs.  The  paflages  of  Plato 
and  of  Ariflotle,  which  mention  countries  far 
beyond  the  Pillars  of  Hercules,  feem  to  indicate 
that  fome  manners  had  been  driven  by  a tempeft 
* See  hift.  Sinica,  p.  106. 

on 
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on  the  coaft  of  America,  from  which  they  had 
returned  with  infinite  labour.  But,  fuppofing 
the  ancients  to  have  been  thoroughly  convinced, 
from  the  relations  of  voyagers,  that  fuch  a con-?* 
tinent  exifted,  being  ignorant  of  the  compafs, 
they  could  not  poffibly  derive  any  advantage 
from  fuch  convi&ion. 

I acknowledge,  that  it  is  not  abfolutely  im- 
poffible  for  refolute  men,  with  no  other  guide 
than  the  ftars,  to  fail  in  open  feas.  The  ancients 
were  in  pofleflion  of  the  Aftrolabe.  They  might 
take  their  departure  from  France  or  Spain,  and 
fail  to  the  weft  by  always  keeping  the  polar  ftar 
on  their  right  hand  ; and,  by  frequent  foundings, 
they  might  keep  nearly  in  the  fame  latitude.  It 
was  unqueftionably  by  keeping  the  pole-ftar  on 
their  left,  that  the  Carthaginians  mentioned  by 
Ariftotle  were  enabled  to  return  from  thofe  dis- 
tant regions.  But  it  will  ftill  be  allowed,  that 
a voyage  of  this  kind  muft  have  been  regarded 
as  a ralh  and  hazardous  enterprize.  We  ought 
not,  therefore,  to  be  furprifed,  that  the  ancients 
never  conceived  fuch  a project. 

Before  the  expedition  of  Columbus,  the 
Azores,  the  Canaries,  and  Madeira,  had  been 
difcovered.  It  had  been  remarked,  that,  when 
the  weft  winds  continued  long  to  blow,  the  fea 
threw  upon  the  coafts  of  thefe  iflands  pieces  of 
ftrange  wood,  canes  of  an  unknown  fpecies,  and 
even  dead  bodies,  which,  by  feveral  marks,  were 
known  to  be  neither  Europeans  nor  Africans*. 

* See  Charlevoix,  tom.  i,  j>.  66. 

Columbus 
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Columbus  himfelf  remarked,  that,  on  the  weft 
coafts,  certain  winds  blew  for  fome  days,  which 
he  was  perfuaded  proceeded  from  land.  But, 
though  he  poflefled  all  thefe  advantages  over  the 
ancients,  andlikewife  the  compafs,  the  difficulties 
to  be  encountered  were  fo  great,  that  nothing 
lefs  than  fuccefs  could  have  juftified  the  en- 
ter prife.  Suppofe,  for  a moment,  that  the 

continent  of  America  had  been  1000  or  1500 
leagues  more  diftant,  a circumftance  which  Co- 
lumbus could  not  forefee,  he  never  would  have 
arrived,  and  perhaps  this  vaft  country  might 
ftill  have  remained  undifcovered.  This  con- 
jecture receives  additional  force,  when  it  is 
confidered,  that  Columbus,  though  the  ableft 
navigator  of  his  age,  was  feized  with  terror  and 
aftonifhment  in  his  fécond  voyage  to  the  New 
World  : As,  in  his  firft  voyage,  he  found  no- 
thing but  iflands,  he  directed  his  courfe  more  to 
the  fouth  in  queft  of  a continent  ; but  found 
himfelf  flopped  by  currents,  the  great  extent  of 
which,  and  their  uniform  oppofition  to  his  courfe, 
obliged  him  to  direCfc  his  fearch  more  to  the  weft. 
He  imagined,  that  it  was  not  currents  which 
prevented  him  from  advancing  to  the  fouth,  but 
that  the  fea  was  riling  to  the  heavens,  and  that 
both  perhaps  touched  each  other  in  the  fouthern 
parts  : Thus,  in  great  undertakings,  the  moft 
trifling  difficulty  may  fometimes  turn  a man’s 
brain,  and  extinguifh  his  courage. 
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THEORY  of  the  E ARTFI. 


ARTICLE  VII. 

Of  the  Formation  of  Strata , or  Beds , in  the  Earth . 

WE  have  demonft  rated,  in  the  firft  article, 
that  the  earth,  in  confequence  of  the 
mutual  attra&ion  between  the  particles  of  mat- 
ter, and  of  the  centrifugal  force  that  refaits 
from  its  diurnal  revolution,  muft  have  affurned 
the  figure  of  a fpheroid,  the  two  diameters  of 
which  differ  about  a 230th  part  ; and  that  no- 
thing but  the  changes  made  on  the  earth’s furface, 
by  the  motions  of  the  air  and  of  the  waters,  could 
augment  this  difference,  in  the  manner  alleged 
by  thofe  who  meafured  a degree  under  the  equa- 
tor, and  another  within  the  polar  circle.  This 
figure  of  the  earth,  which  agrees  fo  wrell  wTith  the 
laws  of  hydroflatics  and  with  our  theory,  indi- 
cates 
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cates  that,  at  the  time  it  affumed  its  figure,  it 
was  in  a ftate  of  fluidity.  We  have  alfo  prov- 
ed, that  the  proje<ftile  motion,  and  the  motion 
of  rotation,  were  impreffed  at  the  fame  time,  and 
by  the  fame  impulfe.  It  will  more  readily 
be  admitted,  that  the  earth  was  originally  in  a 
ftate  of  liquefadion,  when  it  is  confidered,  that 
the  greateft  part  of  the  materials  of  which  this 
globe  is  compofed  are  either  vitrifications,  or  vi* 
trifiable  by  fire.  The  impoflibility  of  rendering 
the  earth  fluid  by  the  operation  of  waters  con- 
firms this  hypothefis  ; becaufe  there  is  infinitely 
more  earth  than  water,  and  the  water  is  not 
able  to  diflolve  fand,  rocks,  and  hard  minerals. 

It  is,  therefore,  evident,  that  the  earth  affum- 
ed its  figure  when  in  a fluid  ftate  : And,  to 
purfue  our  theory,  it  is  natural  to  think,  that 
the  earth,  when  it  ifllied  from  the  fun,  had  no 
other  form  but  that  of  a torrent  of  melted  and 
inflamed  matter  ; that  this  torrent,  by  the  mu- 
tual attraction  of  its  parts,  affumed  a globular 
figure,  which  its  diurnal  motion  changed  into  a 
fpheroid  ; that,  when  the  earth  cooled,  the  va- 
pours which  were  expanded  like  the  tail  of  a co- 
met, gradually  condenfed,  fell  down  in  the  form 
of  water  upon  the  furface,  depofiting,  at  the 
fame  time,  a flimy  fub fiance,  mixed  with  ful- 
phur  and  faits,  part  of  which  was  carried,  by 
the  motion  of  the  waters,  into  the  perpendicu- 
lar fiflures  of  the  ftrata,  and  produced  metals, 
and  the  reft  remained  oa  the  furface,  and  gave 

rife 
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rife  to  tlie  vegetable  mould,  which  abounds,  in 
different  places,  with  more  or  lefs  of  animal  and 
vegetable  particles,  whofe  organization  is  not 
obvious  to  the  fenfes. 

Thus  the  interior  parts  of  the  globe  were  ori- 
ginally compofed  of  vitrified  matter;  and,  I 
believe,  they  continue  fo  at  prefent.  Above  this 
vitrified  matter  were  placed  thofe  bodies  which 
the  fire  had  reduced  into  the  fmalleft  particles, 
as  fands,  which  are  only  portions  of  glafs  ; and, 
above  thefe,  pumice  fiones,  and  the  fcoriæ  of 
melted  matter,  which  gave  rife  to  the  different 
clays.  The  whole  was  covered  with  water  to 
the  depth  of  500  or  600  feet*,  which  originated 
from  the  condenfation  of  the  vapours,  when 
the  earth  began  to  cool.  This  water  depofited 
a flratum  of  mud,  mixed  with  all  thofe  matters 
that  are  capable  of  being  fublirned  or  exhaled 
by  fire  ; and  the  air  was  formed  of  the  mofl 
fubtile  vapours,  which,  from  their  levity,  rofe 
above  the  water. 

Such  was  the  condition  of  the  earth,  when 
the  tides,  the  winds,  and  the  heat  of  the  fun, 
began  to.  introduce  changes  on  its  furface.  The 

* This  opinion,  that  the  earth  was  entirely  covered  with  wa- 
ter, correfponds  with  the  fentiments  of  feveral  ancient  philofo- 
phers,  and  likewife  with  thofe  of  many  of  the  fathers  of  the 
church.  In  mundi  prirnordio,  aqua  in  omnem  terrain  ftagna- 
bat,  fays  St.  John  of  Damafcus,  lib.  2.  cap.  9.  Terra  erat  in- 
viftbilis,  quia exundabat  aqua  et  operiebat  terrain  ; St.  Ambrofe^ 
lib.  1.  cap.  8.  Submerfa  tellus  cum  effet,  faciem  ejus,  inundante 
aqua,  non  erat  adfpe&abiiis  ; St.  Bafile,  Horn.  2.  See  likewife 
.St.  Augudine,  lib,  i.  cap.  12, 
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diurnal  motion  of  the  earth,  and  that  of  the 
tides,  elevated  the  waters  in  the  equatorial  re- 
gions, and  neceflarily  tranfported  thither  great 
quantities  of  flime,  clay,  and  fand,  and,  by  thus 
elevating  thefe  parts  of  the  earth,  they  perhaps 
fanfc  thofe  under  the  poles  about  two  leagues, 
as  was  formerly  remarked  : For  the  waters 

would  eafily  reduce  into  powder  pumice-ftones, 
and  other  fpungy  parts  of  the  vitrified  matter 
upon  the  furface,  and,  by  this  means,  excavate 
fome  places,  and  elevate  others,  which,  in  time, 
would  produce  iflands  and  continents,  and  all 
thofe  inequalities  on  the  furface,  that  are  more 
confiderable  towards  the  equator  than  the  poles. 
The  highed  mountains  lie  between  the  Tropics 
and  the  middle  of  the  Temperate  Zones,  and  the 
lowed  from  the  polar  circles  towards  the  poles. 
Between  the  Tropics  are  the  Cordeliers,  mod  of 
the  mountains  of  Mexico  and  the  Brazils,  the 
great  and  lefler  Atlas,  the  mountains  of  the 
Moon,  &c.  Befides,  both  the  land  and  the  fea 
have  mod  inequalities  between  the  tropics,  as  is 
evident  from  the  incredible  number  of  iflands 
peculiar  to  thefe  regions. 

However  independent  of  my  general  theory, 
this  hypothefis,  concerning  the  original  date  of 
the  globe,  may  be,  I have  chofen  to  refer  to  it 
in  this  article,  with  a view  to  fhow  the  con- 
nection and  poflibility  of  the  fydem  endeavour- 
ed to  be  edabliflied  in  the  fird  article.  It  may 
only  be  remarked,  that  my  theory  is  not  oppof- 

ed 
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ed  by  the  fads;  that  I take  the  earth  nearly  as  it 
ftands  at  prefent  ; and  that  I lay  hold  of  none 
of  thofe  fuppofitions  which  are  often  ufed  in 
reafoning  concerning  the  former  condition  of 
the  earth.  But,  as  I here  offer  a new  idea  upon 
this  fubjed  of  the-  fediments  depofited  by  the 
waters  that,  in  my  opinion,  gave  rife  to  the  up- 
per ftratum  of  the  earth,  it  will  not  be  improper 
to  exhibit  the  reafons  upon  which  it  is  founded. 

The  vapours  exhaled  from  the  earth  produce 
rain,  dews,  thunder,  lightning,  and  other  me- 
teors. Thefe  vapours,  therefore,  are  mixed  with 
particles  of  water,  air,  fulphur,  earth,  «Sec.  ; and 
it  is  the  folid  earthy  particles  which  conftitute 
the  flime  or  mud  under  conlideration.  The 
puréft  rain-water  depofits  a quantity  of  this 
mud  ; and,  when  a quantity  of  dew  is  colleded, 
and  allowed  to  corrupt,  it  produces  a greater 
proportional  quantity  of  mud,  which  is  fat, 
unduous,  and  of  a reddifh  colour. 

The  upper  ftratum  of  the  earth  is  compofed 
of  this  mud,  mixed  with  particles  of  animal  and 
vegetable  fubftances,  or  rather  with  particles  of 
ftone  and  fand.  it  is  worthy  of  remark,  that 
moft  arable  land  is  reddiih,  and  more  or  lefs 
blended  with  heterogeneous  matters.  The  par- 
ticles of  ftone  or  of  fand  found  in  the  upper 
ftratum,  are  of  two  kinds;  the  one  is  grofs  and 
heavy,  the  other  fine,  and  fometimes  impal- 
pable. The  grofs  is  detached  from  the  inferior 
ftratum  by  labouring  the  ground  ; or,  rather, 

vol.  I.  L the 
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the  upper  ftratum,  by  penetrating  the  inferior 
which  is  compofed  of  fand  or  gravel,  forms 
what  is  called  faty  or  fertile  fund.  The  finer 
fpecies  proceeds  from  the  air,  falls  down  with 
the  dew  or  rain,  and  intimately  incorporates 
with  the  vegetable  mould,  or  upper  ftraturru 
This  laft  Is  nothing  more  than  the  duft,  tranf- 
ported  by  the  air,  and  again  depofited  by  rain 
or  a moift  atmofphere.  When  the  quantity  of 
this  mud  is  great  in  proportion  to  the  particles 
of  ftone  or  fand,  the  foil  is  red  and  fertile  ; if  it 
be  confiderably  mixed  with  animal  and  vege- 
table fubftances,  it  is  blackifh;  but  if  the  quan- 
tity of  mud  and  of  vegetable  and  animal  fub- 
ftances be  fmall,  the  foil  is  white  and  barren  ; and 
even  when  the  particles  of  fand,  ftone,  or  chalk, 
which  compofe  thefe  barren  foils,  are  mixed 
with  a confiderable  quantity  of  animal  and  ve- 
getable fubftances,  they  become  black  and  light, 
but  have  very  little  fertility.  According,  there- 
fore, to  the  different  proportions  of  thefe  three 
ingredients,  the  foil  is  more  or  lefs  fertile,  and 
differently  coloured. 

In  order  to  acquire  diftind  ideas  concerning 
the  ftrata  of  the  earth,  we  fhall  take  for  an  ex- 
ample the  pits  at  Marly-la-Ville,  which  are  ex- 
ceedingly deep.  This  place  is  fituated  in  a high, 
but  flat  and  fertile  country,  and  its  ftrata  lie  ho- 
rizontally. I procured  fpecimens  of  all  thefe 
ftrata  in  their  order  from  M.  Dalibard,  an  emi- 
nent botanift,  and  a man  of  fcience  3 and,  after 

having 
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having  proved,  with  aqua  fords,  the  nature  of 
the  matters  they  refpedively  confift  of,  I ar- 
ranged them  in  the  following  table. 

liable  of  the  different  beds  of  earth  at  Marly-la - 
Ville,  to  the  depth  of  100  feet . 

Feet.  Inch. 

1.  A free  reddifh  earth,  mixed  with  a 

large  quantity  of  mud,  a little  vi- 
trifiable  fand,  and  a greater  pro- 
portion of  calcinable  fand,  or  gra- 
vel 13 

2.  A free  earth  mixed  with  gravel  and 

with  more  vitrifiable  fand  - 26 

3.  Mud  mixed  with  a large  quantity 
of  vitrifiable  fand,  which  made 
but  a fmall  effervefcence  with  aqua 


fords  - - -3 

4.  Hard  marl,  which  effervefced  vio- 
lently with  aqua  fords  - 2 

5.  A marly  {tone  very  hard  - 4 

6.  Marl  in  powder,  mixed  with  vitri- 
fiable fand  - - 5 

7.  Fine  vitrifiable  fand  - -16 

8.  Marl  refembling  earth,  mixed  with 

a little  vitrifiable  fand  - 36 

9.  Hard  marl,  in  which  was  found 

genuine  flint  - - 3 Ç 

10.  Gravel,  or  marl  in  powder  * 1 


Carried  over  39 
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Feet.  Inch* 


Brought  over  39 
11.  Eglantine,  a hard  ringing  ftone,  of 

the  grain  of  marble  - 16 

Ï 2.  Marly  gravel  - - 16 

13.  Marl  in  the  form  of  hard  ftone, 

with  a fine  grain  - 16 

14.  Marl  like  ftone,  with  a coarfer 

grain  - - - 16 

15.  Marl  ftill  more  grofs  - 26 


1 6.  Fine  verifiable  fand,  mixed  with 


foflil  fea- (hells,  which  had  no  co- 
hefion  with  the  fand,  and  which 
ftill  preferve  their  natural  colours  1 6 

17.  Fine  gravel,  or  marl-duft  - 2 

1 8.  Marl  in  the  form  of  a hard  ftone  3 6 

19.  Marl  in  the  form  of  coarfe  powder  J G 

20.  Flard  ftone,  calcinable  like  marble  1 

21.  A gray  vitrifiable  fand,  mixed  with 
foflil  (hells,  particularly  with  oy- 


fters  and  fpondyles,  which  had  no 
cohefion  with  the  fand,  and  were 
not  petrified  - - 3 

22.  A white  vitrifiable  fand,  mixed 

with  the  fame  fliells  - 2 

23.  A vitrifiable  fand  with  red  and 
white  ftreaks,  and  mixed  with 

he  fame  (hells  - 1 

24.  A coarfer  vitrifiable  fand,  mixed 

with  the  fame  (hells  - 1 


Carried  over  64 
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Brought  over  64 

25.  A fine,  gray,  vitrifiable  fand,  mix- 

ed with  the  fame  fhells  - 8 6 

26.  A fine  un&uous  fand,  with  very 

few  fhells  3 

27.  Brown  free  ftone  - - 3 

28.  Vitrifiable  fand,  ftriped  with  red 

and  white  - -4 

29.  A white  vitrifiable  fand  - / 36 

30.  A reddifh  vitrifiable  fand  - 15 


Total  depth  of  the  pit  10 1 


I formerly  mentioned,  that  I had  examined 
all  thefe  fubftances  with  aqua  fortis,  becaufe  no 
other  teft  can  enable  us  to  make  real  diftindions 
between  earthy  bodies  of  the  fame  or  of  different 
appearances.  Thofe  which  effervefce  and  fud- 
denly  cliffolve,  on  the  application  of  the  aqua 
fortis,  are  generally  calcinable.  Thofe,  on  the 
other  hand,  upon  which  that  acid  makes  no  im- 
pyeffion,  are  vitrifiable. 

From  this  enumeration  of  ftrata  it  is  evident, 
that  the  land  at  Mary-la-Ville  was  formerly 
covered  with  the  fea,  to  the  depth  of  75  feet, 
fince  fhells  are  found  75  feet  below  the  furface. 
Thofe  fhells  have  been  colleded  and  depofited 
by  the  water,  together  with  the  fand,  which 
contains  them  ; and  the  whole  fuperior  ftrata, 
çxcept  the  uppeymoft,  have  been  tranfported 
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thither  by  the  motion  of  the  waters,  and  depo- 
fited  in  the  form  of  fediment,  as  is  apparent 
from  their  horizontal  pofition,  from  the  mixture 
of  fand,  fhells,  and  marl,  which  laft  is  compofed 
of  decayed  fhells  ; and  even  the  upper  ftratum 
has  been  almoft  wholly  formed  of  flime  or  mud, 
with  a fmall  mixture  of  marl. 

I have  chofen  this  example,  becaufe  it  is  leaft 
favourable  to  my  theory  ; for  it  appears,  at  firft 
view,  difficult  to  conceive  how  the  mud  depo- 
fited  by  the  dew  and  rains  fhould  produce  a 
bed  of  vegetable  foil  13  feet  thick.  But  it 
ought  to  be  remarked,  that  a foil  of  this  thick- 
nefs  is  rarely  to  be  found,  efpecially  in  high 
countries.  The  general  run  of  foils  are  from 
three  to  four  feet,  and  often  they  exceed  not 
one  foot.  The  foil  is  thickeft  in  plains  fur- 
rounded  wdth  hills;  becaufe  the  rains  daily  bring 
ffefh  fupplies  from  the  higher  grounds.  But, 
abftrading  from  this  fuppofition,  it  is  plain,  that 
the  upper  ftrata  formed  by  the  fea  are  thick 
beds  of  marl.  It  is  natural  to  think,  that  the 
upper  ftratum  was  originally  much  thicker, 
and  that,  bende  the  13  feet,  the  fea  would 
leave  a confiderable  quantity  of  marl.  But  this 
marl,  being  expofed  to  the  addon  of  the  air,  of 
rains,  and  of  the  rays  of  the  fun,  would  foon 
be  reduced  into  a fine  powder.  The  fea  would 
not  leave  this  land  fuddenly,  but  would  con- 
tinue for  fome  time  occafionally  to  cover  it, 
either  by  the  motion  of  the  tides,  or  by  extraor- 
dinary 


OF  STRATA. 


167 

dinary  fwells  during  great  dorms  ; and,  of  courfe, 
the  upper  ftratum  would  be  mixed  with  mud, 
clay,  and  other  flimy  bodies.  After  being 
entirely  above  the  reach  of  the  waves,  plants 
would  begin  to  grow,  and  the  foil  would 
conftantly  accumulate,  and  be  tinged  with  a 
reddifh  colour  by  the  mud  depofited  by  dews 
and  rain.  Culture  would  ftill  farther  increafe 
both  its  fertility  and  its  thicknefs,  and,  by  al- 
lowing the  dews  and  rains  to  penetrate  deeper, 
would  in  procefs  of  time  produce  this  foil  of  13 
feet. 

I fhall  not  here  examine,  whether  the  reddifh 
colour  of  vegetable  mould  proceeds  from  a quan- 
tity of  iron  contained  in  the  mud  depofited  by 
rain  and  dews.  This  point,  which  is  of  forae 
importance,  fhall  be  difcuffed  when  we  come  to 
treat  of  minerals.  It  is  fufficient  to  have  given 
a view  of  the  manner  in  which  the  upper  ftra- 
tum has  been  formed  : We  fhall  now  prove,  by 
other  examples,  that  the  formation  of  the  in- 
terior ftrata  of  the  earth  muft  likewife  have  ori- 
ginated from  the  operation  of  the  waters. 

The  upper  flratum  of  the  globe,  fays  Wood- 
ward, that  magazine  for  the  formation  and  fup- 
port  of  animals  and  vegetables,  is  moftly  com- 
pofed  of  vegetable  and  animal  matter,  and  is  in 
perpetual  fluctuation.  All  the  animals  and  ve- 
getables which  have  exifted  fince  the  creation, 
have  fucceflively  extracted  from  this  ftratum  the 
materials  of  which  their  bodies  are  conftru&ed  ; 
thefe  they  again  reftore  at  their  diffolution,  where 
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they  remain  prepared  for  the  fucceffive  forma- 
tion of  new  bodies  of  the  fame  fpecies  ; the  mat-? 
ter  which  forms  one  body  being  naturally  dip? 
pofed  to  make  another  of  the  fame  kind*.  In 
uninhabited  countries,  where  the  woods  are 
never  cut,  nor  the  herbs  broul'ed  by  cattle,  the 
foil  is  conftantly  augmenting.  The  foil,  in  all 
woods,  even  in  thofe  which  are  occafionally  cut, 
is  from  6 to  8 feet  thick,  and  has  originated 
from  the  leaves,  and  other  decayed  parts  of  ve- 
getables. I have  often  remarked,  that,  upon  an 
old  Roman  way  which  runs  acrofs  Burgundy, 
the  ftones  with  which  it  was  conftrudled  are 
covered  with  a black  mould  of  more  than  a foot 
thick,  and  that  it  nouriffies  trees  of  a confiderable 
fize.  This  foil  could  only  be  produced  by  the  gra- 
dual and  fucceffive  deftruâion  of  vegetable  bo- 
dies. As  vegetables  derive  more  of  their  fub- 
ftance  from  the  air  and  water  than  from  the  earth, 
when  they  decay,  they  add  more  to  the  foil 
than  they  extracted  from  it.  Befides,  forefts 
collect  and  retain  vapours  and  inoifture  ; and, 
of  courfe,  in  old  woods,  the  foil  is  greatly  aug- 
mented. But,  as  animals  reftore  much  lefs  to 
the  earth  than  they  take  from  it  ; and,  as  men 
confume  vaft  quantities  of  wood  and  herbs  for 
fewel  and  other  purpofes,  it  follows,  that  the  ve- 
getable foil  of  populous  countries  mu  ft  conti- 
nually diminiffi,  and  become,  in  time,  like  thofe 
of  Arabia  Petrea  and  other  eaftern  countries, 
which  were  firft  inhabited,  where  nothing  is  now 
* See  Woodward’s  Eflay,  p.  136. 
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to  be  found  but  fand  and  faits  ; for  the  fixed  falls 
of  plants  and  of  animals  remain,  while  all  the 
other  parts  volatilize,  and  are  carried  off  by  the 
air. 

Let  us  next  examine  the  petition  and  forma-» 
tion  of  the  interior  ftrata.  The  earth,  fays 
Woodward,  wherever  it  has  been  dug,  is  com- 
pofed  of  beds  or  ftrata,  one  above  another,  in 
the  fame  manner  as  if  they  had  proceeded  from 
fucceflive  fediments  depofited  by  water.  The 
beds  which  lie  deepeft  are  thicker  than  thofe  im- 
mediately above  them,  and  they  are  gradually 
thinner  till  they  arrive  at  the  furface.  Sea- 
fhells,  teeth,  and  bones  of  fifties,  are  found  in 
thefebeds,  and  not  only  in  thofe  which  are  foft, 
as  chalk,  clay,  and  marl,  but  even  in  beds  of 
hard  ftone,  marble,  &c.  Thefe  productions  of 
the  fea  are  incorporated  with  the  ftone,  and, 
when  feparated,  leave  in  the  ftone  the  figure  of 
their  furface  exactly  delineated.  4 I was  abun- 
4 dantly  affured,’  fays  this  author,  4 that  the  cir- 
4 cumftances  of  thefe  things  in  remoter  coun- 
4 tries  were  much  the  fame  with  thofe  of  ours 
c here  : That  the  ftone,  and  other  terreftrial  mat- 
6 ter,  in  France,  Flanders,  Holland,  Spain,  Italy, 
4 Germany,  Denmark,  Norway,  and  Sweden, 
6 was  diftinguiftied  into  ftrata,  or  layers,  as  it  is 
4 in  England  : That  thofe  ftrata  were  divided  by 
6 parallel  fifth  res  That  there  were  inclofed  in 
4 the  ftone,  and  all  the  other  denfer  kinds  of 
* terreftrial  matter,  great  numbers  of  fhells,  and 

4 other 
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c other  productions  of  the  fea;  in  the  fame  man- 
4 ner  as  in  that  of  this  ifland.  To  be  fhort,  by 
4 the  fame  means  I got  fufficient  intelligence  that 
4 thefe  things  were  found  in  like  manner  in  Bar- 
4 bary,  in  Egypt,  in  Guiney,  and  other  parts  of 
4 Africa  : In  Arabia,  Syria,  Perfia,  Malabar^ 
4 China,  ''and  other  Afiatic  provinces  : In  Ja- 
4 maica,  Barbadoes,  Virginia,  New  England, 
4 Brafil,  Peru,  and  other  parts  of  America.* 
p.  6.  41,  42,  &c. 

Woodward  gives  no  authority  for  his  afler- 
lion,  that  fhelis  are  found  in  the  ftrata  of  Peru. 
But  as,  in  general,  his  faCts  are  true,  I doubt  not 
but  his  information  has  been  good  ; and  I am 
perfuaded  that  fhelis  exift  in  the  ftrata  of  Peru, 
as  well  as  every  where  elfe.  I make  this  re- 
mark on  account  of  a doubt  which  has  been 
entertained,  and  which  fhall  afterwards  be  con- 
fidered. 

In  digging  a well  at  Amfterdam,  232  feet 
deep,  the  ftrata  were  arranged  in  the  following 
order  : 7 feet  of  vegetable  foil  ; 9 feet  of  turf  5 
9 feet  of  foft  clay  ; 8 feet  of  land  ; 4 of  earth  ; 
1 o of  clay  ; 4 of  earth  ; 1 o of  fand  ; 2 of  clay  ; 
4 of  fmall  white  fand  ; 5 of  dry  earth  ; 1 of  foft 
earth  ; 14  of  fand  ; 8 of  clay  mixed  wdth  fand  ; 
4 of  fand  mixed  with  fhelis  ; then  102  feet  of 
clay;  and,  Icijlly^  31  feet  of  land*. 

It  is  uncommon  to  dig  fo  deep  before  we 
find  water  : But  this  fad  is  remarkable  in 

# See  Varenii  Geograph,  gen.  p.  46. 
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many  other  refpefts.  17?,  It  demonftrates  that 
the  Tea  communicates  not  with  the  interior  parts 
of  the  earth  by  means  of  filtration  : 2d,  That 
fhells  are  found  100  feet  below  the  furface  in  a 
country  extremely  low;  and,  confequently,  that 
the  land  of  Holland  has  been  elevated  100  feet 
by  the  fediments  of  the  ocean  : 3^,  It  may  be 
concluded,  that  the  bed  of  clay  of  102  feet,  and 
the  bed  of  fand,  31  feet  of  which  only  had  been 
dug,  and  whofe  adual  thicknefs  is  unknown,  lie 
near  to  the  ancient  and  original  earth  that  ex- 
ifted  before  the  motion  of  the  waters  began  to 
change  its  furface.  In  the  rirft  article,  it  was 
remarked,  that,  in  order  to  difcover  the  ancient 
earth,  we  mud  dig  in  the  northern,  rather  than 
in  the  fouthern  regions  ; and  in  the  low  and 
plain,  rather  than  in  the  elevated  countries. 
Thefe  circumftances  nearly  concurred  in  the  pre- 
fent  cafe.  We  only  with  that  the  pit  had  been 
dug  deeper,  and  that  the  author  had  informed 
us,  whether  fhells,  or  other  fea- bodies,  were  in- 
termixed with  the  laft  ftrata  of  clay  and  of  fand. 
This  experiment  confirms  what  was  formerly 
advanced,  that  the  ftrata  are  always  thicker  in 
proportion  to  their  depth. 

The  earth  confifts  of  parallel  and  horizontal 
ftrata,  not  in  the  plains  only,  but,  in  general,  the 
hills  and  mountains  have  the  fame  ftrudture. 
The  ftrata  of  the  mountains  are  even  more  con- 
fpicuous  than  thofe  of  the  plains;  for  the  plains 
are  commonly  covered  with  great  quantities  of 

fand 
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fand  and  earth  brought  from  the  higher  grounds 
by  the  waters;  and,  therefore,  to- find  the  ancient 
ftrata,  we  mud  dig  deeper  in  the  plains  than  in 
the  mountains. 

I have  often  remarked,  that,  when  the  top  of 
a mountain  is  level,  its  ftrata  are  like-wife  level  ; 
but,  when  the  top  is  not  horizontal,  the  ftrata 
follow  the  direction  of  its  declivity.  It  has  fre- 
quently been  alleged,  that  the  beds  of  quarries 
incline  to  the  eaffc.  But  in  all  the  chains  of 
rocks  which  I have  examined,  I found,  that 
thefe  beds  always  follow  the  declivity  of  the  hill, 
whether  its  direction  be  eaft,  weft,  fouth,  or 
north.  In  raifing  fton.es  from  the  quarry,  they 
are  always  feparated  according  to  their  natural 
pofition;  and,  if  cut  in  a contrary  direction,  it  is 
impoffible  to  raife  them  of  any  confiderable  fize. 
In  all  good  mafonry,  the  workmen  place  the 
ftones  in  the  direction  in  which  they  lay  in  the 
quarry.  If  laid  in  an  oppofite  pofition,  they  will 
fplit,  and  be  unable  to  refift  the  weight  of  the 
incumbent  building.  Hence  we  may  conclude, 
that  ftones  have  been  originally  formed  in  hori- 
zontal beds;  that  thefe  beds  have  been  fucceffively 
accumulated  above  each  other,  and  have  been 
compofed  of  materials,  the  refiftance  of  which 
is  ftronger  in  that  than  in  any  other  direction. 

Every  ftratum,  of  whatever  kind,  whether  it 
be  horizontal  or  inclined,  is  of  an  equal  thick^ 
nefs  through  its  whole  extent.  In  the  quarries 
round  Paris,  the  ftratum  of  good  ftone  is  but 

about 
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about  1 8 or  20  inches  thick  throughout.  In  the 
quarries  of  Burgundy,  the  ftone  is  much  thicker. 
The  fame  inequalities  take  place  in  marbles. 
The  white  and  black  marbles  are  thicker  than 
thofe  that  are  coloured  ; and  there  is  a hard  ftone 
with  which  the  people  of  Burgundy  cover  their 
houfes,  that  exceeds  not  an  inch  in  thicknefs. 
Thus,  different  ftrata  differ  much  with  regard  to 
thicknefs  ; but  each  ftratum  uniformly  preferves 
the  fame  thicknefs  through  its  whole  extent. 
This  difference  is  fo  great,  that  ftrata  are  to  be 
found,  from  lefs  than  a line,  to  1,  10,  20,  30, 
and  100  feet  thick.  Both  ancient  and  modern 
quarries,  which  are  dug  horizontally,  the  drafts 
of  mines,  and  the  working  of  lead,  either  longi- 
tudinally or  tranfverfely,  prove  that  ftrata  ex- 
tend a great  way  on  all  fides.  c It  is  well  known/ 
as  the  hiftorian  of  the  academy  obferves.  4 that 

j * 

4 allflones  have  originally  been  a foft  pafte,  and 

* that,  as  ftones  are  aim  oft  every  where  to  be 
4 met  with,  the  furface  of  the  earth,  in  all  thefe 
4 places,  at  lead:  to  a certain  depth,  mud:  have 

* confifted  of  mud  and  dime.  The  drells  found 
€ in  mod:  quarries  demon  Orate,  that  this  mud 
4 was  an  earth  diluted  by  the  water  of  the  fea  ; 
6 and,  confequently,  that  the  fea  once  covered 
4 all  thefe  places  ; but  the  fea  could  not  cover 
4 them,  without,  at  the  fame  time,  covering  all 
4 places  that  were  lower,  or  on  the  fame  level'. 
4 Now,  it  is  impoffible  that  the  fea  could  cover 
4 all  thofe  places  where  there  are  quarries,  with- 

4 out 


J 


174  OF  THE  FORMATION 

4 out  covering  the  whole  furface  of  the  globë. 
* If  the  mountains  were  then  formed,  the  fea 
4 muft  alfo  have  covered  them  ; for  they  are  full 
4 of  rocks  and  quarries,  and  fhells  are  often 
6 found  in  them. 

4 The  fea,  then/  continues  he,  4 covered  the 
4 whole  earth  ; and  hence  all  the  beds  of  ftone 
4 in  the  plains  are  horizontal  and  parallel  : The 
4 fifhes,  therefore,  were  the  moft  ancient  inha- 
c bitants  of  the  globe  ; for  neither  land-animals 
4 nor  birds  could  exift.  But  how  has  the  fea 
c retired  into  thofe  vaft  bafons  which  it  now  oc* 
4 cupies  ? The  moft  natural  fuppofition  is,  that 
4 the  earth,  at  leaft  to  a certain  depth,  was  not 
4 all  equally  folid,  but  interfperfed  with  vaft 
4 vaults  or  caverns,  the  arches  of  which  would 
4 remain  for  a time,  and  at  laft  fuddenly  fall  in. 
4 The  waters  would  then  rufh  into  thefe  hollows, 
4 fill  them  up,  and  leave  a part  of  the  furface 
4 dry,  which  would  become  a convenient  habi- 
4 tation  for  land-animals  and  birds.  The  fhells 
4 found  in  quarries  ftrongly  confirm  this  idea  ; 
4 for  nothing  but  the  bony  parts  of  fifhes  could 
4 be  preferved  fo  long  in  the  earth.  Befides, 
4 fhells  commonly  lie  in  vaft  mafles  in  certain 
4 parts  of  the  fea,  where  they  remain  immove- 
4 able,  and  form  a fpecies  of  rocks  or  banks  ; 

4 they  could  not,  therefore,  follow  the  fea,  which 
4 fuddenly  abandoned  them.  It  is  for  this  laft 
4 reafon  that  we  find  fuch  numbers  of  foflil- 
4 fhells,  and  fo  few  veftiges  of  other  fifhes,  which 
8 4 is 
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* is  a farther  proof  that  the  waters  retired  with 

* rapidity  into  their  prefent  bafons.  When  the 
c vaults  funk  down,  it  is  very  probable  that 
4 mountains  were  elevated  by  the  fame  caufe* 
i and  placed  upon  the  furface  with  rocks  and 
4 quarries  already  formed.  Rut  the  beds  of  thefe 
4 quarries  could  not  preferve  their  original  ho- 
4 rizontal  pofition,  unlefs  they  were  raifed  exad> 

4 ly  perpendicular  to  the  furface,  which  would 
4 rarely  happen.  Thus,  as  we  formerly  remark- 
4 ed  the  beds  of  Hone  in  mountains  are  all 
4 inclined  to  the  horizon,  though  they  be  parai- 
4 lei  to  each  other  ; for  they  changed  not  their 
4 pofition  with  regard  to  one  another,  but  with 
4 regard  only  to  the  furface  of  the  earth  f 

Thefe  parallel  beds  of  earth  or  of  ftone,  w7hieh 
have  been  formed  by  fediments  of  the  ocean, 
often  extend  to  confiderable  diftances.  We  even 
find,  in  hills  feparated  by  valleys,  beds  of  the 
fame  materials  upon  equal  levels.  This  obfer- 
vation  has  a peijedt  correfpondence  with  the 
equal  altitudes  of  oppofite  hills.  The  truth  of 
this  fadt  may  be  ealily  eftablifhed  ; for,  in  all 
hills  feparated  by  narrow  valleys,  where  ftone 
or  marble  is  found  on  one  hill,  we  uniformly 
find  thefe  very  fubftances,  at  the  fame  level,  on 
the  oppofite  hill.  I have  traced  a quarry  of 
marble  12  leagues  in  length  ; its  breadth  is  alfo 
confiderable,  though  I have  not  been  able  to  af- 
certain  it  with  precifion.  I have  often  obferved, 

* See  Mem.  de  l’Acad.  arm.  1705,  p.  30. 

f Ibid.  arm.  1716,  p.  14. 
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that  this  bed  of  marble  has  every  where  the  famé 
thicknefs  ; 'and  that,  in  hills  feparated  by  a val- 
ley of  ioo  feet  deep,  the  fame  bed  always  ap- 
peared at  the  fame  altitude.  I am  firmly  per- 
fuaded,  that  this  obfervation  holds  with  regard 
to  all  quarries  of  ftone  or  of  marble  which  con- 
tain fhells  ; but  it  applies  not  to  beds  of  free- 
ftone.  We  fhall  afterwards  explain  why  free- 
Itone  is  not  difperfed,  like  other  matters,  in  ho- 
rizontal beds,  but  in  blocks,  irregular  both  in 
form  and  pofition. 

It  has  likewife  been  remarked,  that,  on  the 
oppofite  fides  of  ftraits  of  the  fea,  the  ftrata  are 
the  fame.  This  obfervation  is  important,  and 
may  lead  to  the  difcovery  of  thofe  necks  of  land, 
or  iflands,  which  have  been  feparated  from  the 
Continent.  It  proves,  for  example,  that  Eng- 
land has  been  feparated  from  France,  Spain  from 
Africa,  and  Sicily  from  Italy  : And  it  is  to  be 
regretted,  that  the  fame  obfervation  has  not  been 
made  upon  all  ftraits.  I have  no  doubt  but  it 
will  hold  univerfally.  We  know  not,  whether, 
in  the  ftraits  of  Magellan,  the  longeft  we  are 
acquainted  with,  the  fame  ftrata  are  to  be  found 
at  the  fame  latitude.  But  we  perceive,  from  very 
exa£t  charts,  that  the  oppofite  coafts,  which  are 
high,  have  correfponding  angles  like  thofe  ob- 
fervable  in  our  inland  mountains  ; and  this  far- 
ther proves  Terra  del  Fuego  to  have  been  for- 
merly a part  of  the  Continent  of  America.  The 
fame  remark  has  been  made  with  regard  to  the 
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ftrait  of  Frobifher  ; and  the  ifland  of  Friefland 
appears  to  have  been  feparated  from  the  conti-» 
nent  of  Greenland. 

The  Maldivia  iflands  are  feparated  from  each 
other  by  fmall  branches  of  the  fea  ; and,  on  each 
fide  of  the  oppofite  iflands,  the  ftrata  of  rocks, 
&c.  are  the  fame.  Thefe  iflands,  which,  when 
taken  together,  extend  about  200  leagues  in 
length,  were  formerly  one.  They  are  divided 
into  1 3 provinces,  called  Clujlers.  Every  Clufter 
contains  a great  number  of  fmall  iflands,  molt 
of  which  will  foon  be  under  water.  It  is  re- 
markable, that  each  of  thefe  13  Ciufters  is  fur- 
rounded  with  a chain  of  rocks  of  the  fame  ftone, 
and  that  there  are  only  three  or  four  fmall  and 
dangerous  openings,  through  which  each  of  them 
can  be  approached.  They  are  all  placed  in  a 
line,  with  their  ends  to  each  other,  and  appear 
evidently  to  have  been  once  a long  mountain 
crowned  with  rock 

Several  authors,  as  Verftegan,  Twine,  Som- 
mer, but  particularly  Campbell,  in  his  defcrip- 
tion  of  the  county  of  Kent,  give  ftriking 
proofs  that  England  was  formerly  joined  to 
France,  and  that  the  neck  of  land  that  divides 
them  had  been  carried  off  by  the  fea,  which  re- 
tired, and  left  a great  quantity  of  low  marfhy 
ground  along  the  fouthern  coafts  of  England. 
As  a farther  proof  of  this  fa d,  Dr.  Wallis  has 
attempted  to  fliow  an  affinity  between  the  an- 

• See  Voyag,  de  Franc.  Pyrard,  voL  u p.  107. 
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dent  language  of  the  Gauls  and  that  of  the 
Britains  ; and  he  adds  feveral  other  remarks, 
which  ffiall  be  related  in  the  following  articles! 

If  travellers  obferved  the  figure  of  lands,  the 
pofition  of  mountains,  and  the  windings  of  ri- 
vers, they  would  perceive  that  oppofite  hills  are 
not  only  compofed  of  the  fame  materials  at  the 
fame  altitudes,  but  that  they  are  alfo  nearly  of 
an  equal  height.  In  all  the  places  where  I have 
travelled,  I uniformly  remarked  this  equality  in 
the  height  of  oppofite  hills,  efpecially  when  they 
are  feparated  by  valleys  not  above  a fourth  or  a 
third  of  a league  wide.  In  valleys  of  greater 
width,  it  is  difficult  to  judge  of  the  height  or 
equality  of  hills  ; for,  on  looking  over  a level 
and  extenfive  plain,  it  appears  to  rife  ; and  di- 
ftant  hills  leem  to  fink.  But  this  is  not  the 
place  to  account  for  thefe  phænomena.  Be- 
fides,  it  is  not  eafy  to  determine  by  the  eye  the 
middle  of  a large  valley,  unlefs  it  be  traverfed  by 
a river.  But,  in  narrow  valleys,  the  judgment  of 
the  eye  is  more  certain.  That  diftriâ:  of  Bur- 
gundy comprehended  between  Auxerre,  Dijon, 
Autun,  and  Bar-fur-feine,  of  which  a confi- 
derable  portion  is  called  le  Bailliage  de  la 
Montagne , is  one  of  the  moft  elevated  parts  of 
France.  From  one  fide  of  thefe  mountains, 
which  are  only  of  the  fécond  order,  the  water 
runs  to  the  ocean,  and,  from  the  other,  to  the 
Mediterranean.  There  are  points  of  partition, 
as  at  Sombernon,  Pouilli  in  Auxois,  See.  where 
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the  water  may  be  turned  at  pleaful’e,  either  to 
the  ocean  or  the  Mediterranean.  This  high 
country  is  interfered  with  a number  of  fmall 
valleys,  and  moft  of  them  are  watered  with  ri- 
vulets. Here  I have  a thoufand  times  obferved 
the  correfponding  angles  of  the  hills,  and  their 
equality  as  to  height  ; and  I can  with  confidence 
affirm,  that  the  falient  or  prominent  angles  are 
uniformly  oppofed  to  the  concave  ones,  and  that 
the  heights  of  the  two  fides  are  nearly  the  fame. 
The  farther  we  advance  in  this  high  country, 
where  are  the  points  of  partition  mentioned 
above,  the  mountains  rife  the  higher.  But  this 
height  is  always  the  fame  on  the  oppofite  fides 
of  the  valleys,  and  the  hills  rife  or  fall  equally. 
The  fame  obfervation  I have  repeatedly  made  in 
feveial  other  provinces  of  France  ; but  they  ex- 
tend not  to  very  high  mountains  ; for  thefe  are 
more  irregular  as  to  height,  and  often  terminate 
in  unequal  points  or  peaks.  In  frequently  tra- 
verfing  the  Alps  and  Appennines,  I obferved, 
that  the  angles,  in  effed,  correfponded  ; but  that 
it  is  almoft  impoffible  to  judge,  by  the  eye,  con- 
cerning the  equality  or  inequality  in  the  heights 
of  oppofite  mountains  ; becaufe  their  tops  are 
loft  in  the  clouds. 

The  different  ftrata  compofing  the  earth  are 
not. arranged  according  to  their  fpecific  gravities. 
Beds  of  heavy  matter  are  frequently  placed 
above  thofe  of  lighter.  Solid  rocks  are  often 
fupported  by  beds  of  earth,  clay,  or  fand,  which 
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are  greatly  inferior  in  fpecific  gravity.  This  is 
the  cafe  with  moft  hills,  and  is  eafily  perceived. 
But,  in  high  mountains,  the  fummits  are  not  on- 
ly rocks,  but  thefe  rocks  are  fupported  by  others; 
and  this  ftrudture  runs  through  fuch  an  extent 
of  country,  where  one  mountain  rifes  out  of  an- 
other, that  it  is  difficult  to  determine  whether 
they  are  founded  on  earth,  or  of  what  nature 
this  earth  is.  I have  feen  rocks  cut  perpendi- 
cularly for  fome  hundreds  of  feet  ; but  thefe 
rocks  refted  upon  other  rocks,  without  my  be- 
ing able  to  perceive  where  they  ended.  May 
we  not,  however,  be  allowed  to  conclude  from 
the  lefs  to  the  greater  ? Since  the  rocks  of  fmall 
mountains,  the  bafes  of  which  are  vifible,  reft 
upon  earths  lefs  heavy  and  lefs  folid  than  ftone, 
is  it  not  reafonable  to  think,  that  earth  is  like- 
wife  the  bafts  of  high  mountains  ? Befides,  all  I 
have  here  advanced  tends  to  prove,  that  heavy 
bodies  might  be  accumulated,  by  the  motion  of 
the  waters,  above  light  ones  ; and,  if  this  really 
takes  place  in  moft  hills,  it  is  probable  that  it  has 
happened  in  the  manner  pointed  out  by  my 
theory.  But,  ffiould  it  be  objected,  that  I had 
no  reafon  to  fuppofe,  that,  prior  to  the  forma- 
tion of  mountains,  the  heavier  matter  was  below 
the  lighter;  I anfwer,  that  I affirm  nothing  with 
regard  to  this  article  ; becaufe  there  are  many 
ways  by  which  this  effe£t  might  be  produced, 
whether  the  heavy  matter  was  above  or  below, 
or  placed  indifcriminately  : For,  in  order  to 
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conceive  how  the  fea  could  firft  form  a moun- 
tain of  clay,  and  then  crown  it  with  rocks,  we 
have  only  to  confider,  that  the  fediments  might 
be  tranfported  from  different  places,  and  that 
they  might  confift  of  different  materials.  The 
fea  might  tranfport  from  one  place  feveral  fedi- 
ments of  clay,  and  afterwards  depofit  fediments 
of  ftony  matter  ; either  becaufe  all  the  clay  at 
the  bottom,  or  on  the  coafts,  was  exhaufted, 
and  then  the  waves  would  attack  the  rocks;  or, 
rather,  becaufe  the  firft  fediments  were  tranf- 
ported from  one  place,  and  the  laft  from  a dif- 
ferent one.  Befides,  the  latter  correfponds  ex- 
actly with  experience  ; for,  it  is  a known  fa£t, 
that  beds  of  earth,  ftone,  gravel,  fand,  &c.  fol- 
low no  rule  of  arrangement,  but  are  placed  in- 
differently, and,  as  it  were,  by  chance,  one  above 
another. 

This  chance,  however,  ought  to  have  fome 
rules,  which  can  only  be  difcovered  by  analogy 
and  probable  conje&ure.  We  have  feen,  that, 
according  to  my  theory  of  the  formation  of  the 
globe,  its  interior  parts  fhould  confift  of  vi- 
trified matter,  fimilar  to  vitrified  fand,  which  is 
only  the  fragments  of  glafs,  and  of  which  the 
clays  are  the  fcoriæ,  or  decompofed  parts. 
Agreeable  to  this  fuppofition,  the  centre  of  the 
earth,  and  even  near  the  furface  itfelf,  fhould 
be  compofed  of  glafs  or  vitrified  matter,  and 
above  this  fhould  be  found  fand,  clay,  and  other 
fcoriæ.  Thus,  the  earth,  in  its  original  ftate, 
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was  a nucleus  of  glafs,  or  of  vitrified  matter, 
either  compact:  like  glafs,  or  divided  like  fand, 
(for  that  circumftance  depends  on  the  degree  of 
heat  applied)  ; above  this  matter  was  fand;  and, 
laftly,  clay.  The  foil,  or  external  covering, 
was  produced  from  the  air,  and  the  mud  of  wa- 
ter ; and  it  is  more  or  lefs  thick  according  to  the 
fituation  of  the  ground  ; more  or  lefs  coloured, 
according  to  the  different  mixtures  of  mud, 
fand,  clay,  and  the  parts  of  decayed  animals  and 
vegetables  ; and  more  or  lefs  fertile,  according  to 
the  abundance  or  deficiency  of  thefe  parts.  To 
fhow  that  this  account  of  the  formation  of  fand 
and  clay  is  not  altogether  imaginary,  I fhall  add 
a few  remarks. 

I fuppofe  the  earth,  in  its  firft  ftate,  to  have 
been  a fpheroid  of  compad  glafs,  covered  with 
a thin  cruft  of  pumice-ftone,  and  other  fcorias 
of  melted  matter.  The  agitation  of  the  air  and 
of  the  water  would  foon  reduce  this  cruft  of 
pumice  into  powder  or  fand,  which,  by  uniting 
into  maffes,  would  give  rife  to  free-flone  and 
flints,  the  varieties  of  which,  with  regard  to  co- 
lour and  denfity,  depend  upon  the  different  de- 
grees of  finenefs  of  the  fand  that  compofed 
them. 

The  conftituent  parts  of  fand  unite  by  the 
application  of  fire,  become  very  hard,  compact, 
and  more  or  lefs  tranfparent,  according  to  the 
purity  of  the  fand  : But,  on  the  other  hand, 
when  expoied  to  the  adion  of  the  air,  it  exfo- 
liates. 
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Hates,  falls  down  in  the  form  of  earth,  and  may 
thus  produce  clays  of  different  kinds.  This  duft> 
which  is  fometimes  yellow,  fometimes  brilliant, 
and  is  ufed  to  dry  writings,  is  nothing  elfe  than 
a fine  fand,  fomewhat  corrupted,  and  nearly  re- 
duced to  an  elementary  ftate.  Its  particles,  in 
time,  become  fo  attenuated  and  divided,  that 
they  lofe  the  power  of  reflecting  light,  and  ac- 
quire all  the  properties  of  clay.  On  examining 
a piece  of  clay,  many  of  thefe  fhining  or  talky 
particles  appear  ; becaufe  they  have  not  yet  en- 
tirely loft  their  original  form.  Sand,  therefore, 
in  procefs  of  time,  may  produce  clay  ; and  this 
clay,  by  a farther  divifion,  acquires  the  qualities 
of  mud  or  flime,  a vitrifiable  matter  of  the  fame 
nature  with  clay. 

This  theory  is  confirmed  by  daily  experience. 
In  wafhing  fand,  the  water  becomes  impreg- 
nated with  a black,  foft,  fatty  earth,  which  is 
a genuine  clay.  The  mud  fwept  from  ftreets 
paved  with  free-ftone,  is  black  and  very  fat, 
and,  when  dried,  it  difcovers  itfelf  to  be  an 
earth  of  the  fame  nature  with  clay.  Clay,  taken 
from  places  where  there  is  neither  flint  nor 
free-ftone,  and  diluted  with  water,  always  pre- 
cipitates a great  quantity  of  vitrifiable  fand. 

But,  what  clearly  demonftrates  the  exiftence 
of  fand,  and  even  of  flint  and  glafs,  in  clay,  is, 
that  the  re-union  of  its  parts,  by  the  aCtion  of 
fire,  reftores  it  to  its  original  form.  Clay,  when 
heated  to  the  degree  of  calcination,  is  covered 

M 4 with 


i34  OF  THE  FORMATION 

with  a hard  coat  of  enamel  ; if  its  internal  parts 
are  not  vitrified,  they  become  fo  extremely  hard 
as  to  refill  the  file  ; they  ftrike  fire  with  the 
hammer,  and  acquire  all  the  properties  of  flint  : 
A great  degree  of  heat  melts  and  converts  them 
into  real  glafs, 

Clay  and  fand,  therefore,  are  fubftances  per- 
fectly analogous,  and  of  the  fame  kind.  If  clay 
can  be  condenfed  to  flint,  and  even  to  glafs,  why 
may  not  fand,  by  refolution,  become  clay  ? 
Glafs  appears  to  be  the  true  elementary  earthy 
and  all  mixed,  bodies  are  only  glafs  in  difguife. 
Metals,  minerals,  faits,  & c.  are  only  a vitrifiable 
earth  ; Common  ftone,  and  other  analogous  bo- 
dies, tellaceous  and  cruftaceous  fhells,  &c.  are 
the  only  fubftances  which  cannot  be  vitrified, 
and  which  feem  to  form  a diftinCt  clafs.  The 
former,  by  the  aftion  of  fire,  may  be  converted 
into  a homogeneous,  hard,  and  tranfparent  fub- 
fiance,  without  any  diminution  of  its  weight, 
and  upon  which  no  farther  change  can  be  made. 
The  latter,  on  the  contrary,  which  confift  of 
more  aftive  and  volatile  principles,  calcine  in 
the  fire,  lofe  more  than  a third  of  their  weight, 
and  refume  the  form  of  fimple  earth,  without 
any  other  change  than  the  refolution  of  their 
çonftituent  pans.  If  thefe  bodies  be  excepted, 
which  are  few  in  number,  and  of  which  the 
combinations  produce  few  varieties  in  nature, 
all  other  fubftances,  and  particularly  clay,  may 
be  converted  into  glafs,  and,  confequently,  are 
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only  glafs  in  a decompofed  ftate.  If  fire  quickly 
vitrifies  thefe  fubftances,  glafs  itfelf,  whether 
Ample,  or  in  the  form  of  fand  or  flint,  naturally, 
but  by  a flow  and  infenfible  progrefs,  refolves 
into  clay. 

In  countries  where  flint  is  the  predominant, 
done,  the  fields  are  commonly  ftrewed  with  its 
fragments  : If  the  place  be  uncultivated,  and 
if  the  flints  have  remained  long  expofed  to 
the  air  without  being  moved,  their  upper 
furface  is  always  white;  but  the  furface  next 
the  ground  preferves  its  natural  colour,  which  is 
very  brown.  When  thefe  flints  are  broken,  the 
whitenefs  appears  to  be  not  fuperficial  only,  but 
penetrates  more  or  lefs  into  their  internal  parts, 
and  forms  a belt,  which  in  fome  is  not  very 
deep,  but,  in  others  occupies  nearly  the  whole 
ftone.  This  white  part  is  fomewhat  granulated, 
perfectly  opaque,  as  tender  as  free-ftone,  and 
adheres  to  the  tongue  like  the  boles.  But  the 
other  portion  of  the  flint  is  fmooth  and  polifhed, 
has  neither  thread  nor  grain,  and  preferves  its  ori- 
ginal colour,  its  tranfparency,  and  its  hardnefs. 
When  this  half  decompofed  flint  is  put  into  a 
furnace,  the  white  part  becomes  red  like  a brick, 
and  the  brown  part  becomes  exceedingly  white. 
Why  fhall  we  conclude,  with  a famous  natu- 
ralift,  that  flints  of  this  kind  are  imperfedt,  and 
that  they  are  not  old  enough  to  have  acquired 
their  perfect  ftate?  For  why  fhould  they  be  all 
imperfedt  ? And  why  fhould  they  be  uniformly 
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imperfeâ  on  the  fide  only  that  is  expofed  to  the 
air?  It  is,  on  the  contrary,  much  more  probable, 
that  they  are  changed  from  the  original  ftate, 
and  partly  decompofed,  and  that  they  are  gra- 
dually refolved  into  clay  or  bole.  If  this  rea- 
foning  fhould  appear  to  be  unfatisfa&ory,  ex- 
pofe  to  the  air  the  hardefl  and  blacked  flint,  in 
lefs  than  a year  the  colour  of  its  furface  will  be 
changed  ; and,  if  the  experiment  be  farther  pro- 
fecuted,  the  flint  will  be  found  gradually  to  lofe 
its  hardnefs,  its  tranfparency,  and  its  other  fpe- 
cific  chara&ers,  and  make  daily  approaches  to 
the  nature  of  clay. 

Sand  undergoes  the  fame  changes  as  flint. 
Every  grain  of  fand  may,  perhaps,  be  confidered 
as  a fimali  flint,  and  every  piece  of  flint  as  a col- 
lection of  fine  fand  cemented  together.  The 
fird  example  of  the  decompofition  of  fand  is 
exhibited  in  that  fhining,  but  opaque  powder, 
called  mica , with  which  clay  and  flate  are  al- 
ways impregnated.  The  quartz,  or  perfe&ly 
tranfparent  flints,  in  decompofing,  produce  fat 
and  foft  talks,  fuch  as  thofe  of  Venice  and  Ruf- 
fia,  which  are  as  ductile  and  vitrifiable  as  clay; 
and  it  appears,  that  talk  is  the  mean  between 
glafs,  or  tranfparent  flint,  and  clay;  but  that  the 
grofsand  impure  flints,  in  decompofing,  are  con- 
verted into  clay  without  any  intermediate  flate. 

Our  made  glafs  undergoes  the  fame  change  ; 
when  long  expofed  to  the  air,  it  decompofles, 
and,  as  it  were,  corrupts.  At  fird,  it  aflumes  a 
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number  of  colours,  then  it  exfoliates,  and,  in 
handling  it,  we  perceive  that  many  fhining  par- 
ticles fall  off.  But,  when  its  decompofition  is 
farther  advanced,  it  bruifes  between  the  fingers, 
and  is  reduced  to  a very  white,  talky,  and  impal- 
pable powder.  Art  alfo  imitates  nature  in  the 
decompofition  of  glafs  and  flint.  4 Eft  etiara 
4 certa  methodus,  folius  aquæ  communis  ppe? 
c filices  et  arenam  in  liquorem  vifcofum,  eun- 
4 demque  in  fal  viride  convertendi,  et  hoc  in  ole- 
4 um  rubicundum,  &c.  Solius  ignis  et  aquæ 
4 ope,  fpeciali  experimento,  duriflimos  quofque 
4 lapides  in  mucorem  refolvo,  qui  diftillans  fub- 
4 tilem  fpiritum  exhibet,  et  oleum  nuliis  laudi- 
4 bus  prædicabile*.’ 

Thefe  matters  fhall  be  more  fully  confidered 
when  we  treat  of  metals.  We  fhall  here  only 
add,  that  the  different  ftrata  of  the  globe  confift 
either  of  materials  which  may  be  confidered  as 
actual  vitrifications,  or  analogous  to  glafs,  and 
poflefling  its  moft  effential  qualities.  It  is  alfo 
evident,  that,  from  the  decompofition  of  glafs 
and  flint,  which  daily  takes  place,  there  refults  a 
genuine  clay.  Hence  we  may  conclude,  with  a 
high  degree  of  probability,  that  fand  and  clays 
have  originally  been  the  fcoriæ  of  burnt  matter, 
efpecially  when  we  join  to  the  above  circum^ 
fiances,  the  proofs  a priori  which  have  been  em- 
ployed to  fhow  that  the  earth  was  formerly  in 
a ftate  of  liquefaction  occafioned  by  the  opera- 
tion of  fire. 

* Vid.  Becher,  Fhyf.  Subterr. 
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ARTICLE  VIII. 

Of  Shells , and  other  productions  of  the  Sea , found 
in  the  Interior  Parts  of  the  Earth . 

I Have  often  examined  quarries,  the  ftones  of 
which  were  full  of  fhells.  I have  feen  whole 
hills  compofed  of  fhells,  and  chains  of  rocks  in- 
termixed with  fhells  through  their  whole  extent. 
The  quantity  of  fhells,  and  other  produdions 
of  the  fea,  is,  in  many  places,  fo  prodigious,  that 
it  is  difficult  to  believe  any  more  of  them 
exifted  in  their  natural  element.  It  is  from 
this  enormous  quantity  that  no  doubt  remains 
of  the  earth’s  having  continued  for  a very 
long  time  under  the  waters  of  the  fea.  The 
number  of  fea-fhells  found  in  a foffil  or  petri- 
fied ftate  is  fo  amazing,  that  were  it  not  for 
* this 
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this  circumftance,  we  never  fhould  have  had  à 
proper  idea  of  the  furprifmg  quantities  of  thofe 
animals  to  which  the  ocean  gives  birth.  We 
mull  not,  therefore,  imagine,  like  thofe  who 
talk  and  reafon  concerning  things  they  never 
faw,  that  fhells  are  only  to  be  found  fcattered 
here  and  there  by  chance,  or  in  fmall  heaps,  like 
thofe  of  oyfters  thrown  from  our  doors.  They 
appear,  on  the  contrary,  in  maffes  like  moun- 
tains, in  banks  of  100  or  .200  leagues  in  length. 
They  may  often  be  traced  through  whole  pro- 
vinces, and  in  maffes  of  50  or  60  feet  thick. 
It  is  only  after  having  learned  thefe  fads  that  a 
man  is  entitled  to  reafon  on  this  fubjed. 

The  fhells  of  Turenne  may  ferve  as  a Unking 
example.  Let  us  attend  to  the  defcription  given 
of  them  by  the  hiftorian  of  the  Academy'*. 

4 Though  figured  Hones,  and  even  foffil  fhells 
4 found  in  the  bowels  of  the  earth  were  remark- 
4 ed  in  all  ages  and  nations,  they  were  generally 
4 confidered,  even  by  philofophers,  as  lufus  na- 
4 turæ;  the  produdion  of  them  was  afcribed 
4 to  chance,  or  to  fome  unaccountable  and  for- 
4 tuitous  train  of  circumllances  ; and,  of  courfe, 
* this  wonderful  phænomenon  added  nothing 
4 to  the  flock  of  knowledge.  An  ignorant  pot- 
4 ter  in  Paris  f,  who  knew  neither  Greek  nor 
4 Latin,  about  the  end  of  the  16th  century,  was 

4 the 

* Année  1720,  p.  5. 

f The  correfpondence  of  Pali  fly’s  ideas  with  thofe  of  the 
ancients,  is  worth  remarking.  * Conchulas,  arenas,  buccinas, 

* ‘ calculos 
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4 the  firH  man  who  ventured,  in  oppofition  to 
4 all  the  learned,  to  affirm,  that  foffil  ffiells  were 
4 real  ffiells  originally  depofited  by  the  fea,  in 
4 thofe  places  were  they  are  found;  that  real 
4 animals,  and  particularly  fiffies,  bellowed  onfi- 
4 gured  Hones  their  various  forms,  &c.  and  he 
4 boldly  defied  the  whole  fchool  of  Ariflotle  to 
4 invalidate  his  proofs.  His  name  was  Bernard 
4 Palifly  ; and  he  was  perhaps  the  mod  confpi- 
4 cuous  example  of  a philofophical  genius,  un- 
4 improved  by  art  or  learning.  His  fyftem, 
4 however,  has  lain  dormant  for  near  a century, 
4 and  even  his  name  has  ahnoft  been  forgot. 
4 At  laft,  feveral  philofophers  revived  Palifly’s 
4 ideas  ; and  fcience  has  derived  great  advantage 
4 from  all  the  foffil  ffiells  and  figured  Hones 
4 which  have  appeared  in  the  earth  : They  are 
4 now,  perhaps,  become  too  common,  and  the 
4 confequences  drawn  from  them  too  incon- 
4 tefiible. 

4 But  Reaumur’s  late  obfervations  on  the  fub- 
4 je£t  are  aRoniffiing.  Pie  difcovered  a mafs 
4 below  ground  of  130,680,000  cubic  fathoms 
4 of  ffiells,  either  whole  or  in  fragments,  with- 
4 out  the  leaH  mixture  of  Hone,  earth,  fand,  or 
4 other  foreign  matter.  Before  this  remarkable 
4 inHance,  foffil  ffiells  never  appeared  in  fuch 
4 enormous  quantities,  nor  without  being  mixed 

‘ calculos  varie  in fedtos,  frequent!  foîo,  quibufdam  etiam  in  mon- 
4 tibus  reperiri,  cercum  fignuni  maris  alluvione  eos  coopertos 
‘ Jocos  volunt  Herodotus,  Plato,  Strabo,  Seneca,  Tertullianus, 

4 Plutarchus,  Ovidius,  et  alii;*  Vide  Daufqui, Terra  et  aqua,  p.  7. 

4 with 
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with  other  bodies.  This  prodigious  mais  liés 
in  Turenne,  more  than  36  leagues  from  the 
fea.  It  is  of  great  fervice  to  the  peafants  of 
that  province;  they  ufe  the  fhells  for  marl  in 
fertilizing  their  lands,  which  would  otherwifé 
be  perfectly  barren. 

c What  the  peafants  dig  out  of  the  earth,  to 
the  depth  of  eight  or  nine  feet,  confifts  only 
of  fragments  of  fhells;  but  thefe  fragments  are 
eafily  recognifed  to  be  thofe  of  real  fhells;  for 
they  ftill  retain  their  original  channels  or  fur- 
rows, and  have  only  loft  their  luftre  and  var- 
nifh,  as  moft  fhells  do,  after  having  remained 
long  under  ground.  The  fmalleft  fragments 
are  only  duft  ; but  we  know  them  to  be  the 
duft  of  fhells,  becaufe  they  confift  of  the  very 
fame  matter  with  the  larger  fragments,  and 
the  entire  fhells,  which  are  fometimes  found. 
The  fpecies  both  of  the  large  fragments  and 
of  the  entire  fhells,  are  eafily  diftinguifhable. 
Some  of  thefe  fpecies  belong  to  the  coaft  of 
Poitou,  and  others  of  them  to  foreign  fhores. 
This  mafs  likewife  furnifhes  corals,  and  other 
productions  of  the  fea.  Falun  is  the  name  by 
which  this  matter  is  diftinguifhed  in  that  pro- 
vince; and  it  is  found,  wherever  the  ground 
is  dug,  through  an  extent  of  about  nine  leagues 
fquare.  The  peafants  never  dig  deeper  than 
about  20  feet;  becaufe,  fays  Reaumur,  they 
imagine  that  the  expence  of  labour  would  ex- 
ceed the  value  of  the  commodity.  They  might, 

‘ however, 
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c however,  dig  deeper.  But  our  calculation  of 
4 130,680,000  cubic  fathoms  proceeds  upon  the 
4 fuppofition  of  only  18  feet  deep,  and  2200 
4 fathoms  to  the  league.  Every  article,  there- 
4 fore,  is  undervalued,  and  this  mafs  of  fhells 
4 muft  greatly  exceed  the  above  calculation;  if 
4 the  quantity  be  only  doubled,  this  wonderful 
4 phænomenon  will  be  greatly  augmented. 

4 In  phyfical  fads,  there  are  little  circum- 
4 fiances,  often  overlooked  by  the  bulk  of  man- 
4 kind,  which  are,  notwithfianding,  of  great 
4 confequence  in  illufirating  the  fubjed.  M.  de 
4 Reaumur  has  remarked,  that  all  the  fragments 
4 of fhells  lie  horizontally  in  the  great  mafs;  from 
4 which  he  concludes,  that  the  fragments  were 
4 not  depofited  at  the  fame  time  with  the  entire 
4 fhells  which  originally  formed  this  mafs  ; be- 
4 caufe,  fays  he,  the  fuperior  fhells  would,  by 
4 their  weight,  have  broken  the  inferior  ones, 

4 and  the  fragments,  in  that  cafe,  would  necef- 
4 farily  have  been  difpofed  in  a thoufand  differ- 
4 ent  diredions.  The  whole,  therefore,  whether 
4 entire  or  broken,  muft  have  been  gradually 
4 tranfported  thither  by  the  fea,  and,  of  courfe, 

4 their  pofition  muft  have  been  horizontal.  But, 

4 though  time  alone  was  fufficient  to  break  them 
4 down,  and  even  to  calcine  them,  it  could  not 
4 vary  their  original  pofition.  Their  tranfport- 
4 ation  muft:  have  been  gradual;  for,  it  is  im- 
4 poffible  that  fuch  an  immenfe  number  of  fhells 
4 could  be  fuddenly  crouded  together,  and  yet 

4 preferve 
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preferve  a pofition  uniformly  horizontal  ; and 
their  being  aflembied  in  one  place,  demonftrates 
this  place  to  have  once  been  the  bottom  of  a 
gulf  or  bafon. 

c Though  there  are  many  veftiges  of  the  uni- 
verfal  deluge  which  is  recorded  in  fcripture,  yet 
the  mafs  of  fhells  at  Turenne  could  not  be  an  ef- 
fect of  this  deluge.  Perhaps  fuch  an  amazing 
mafs  is  no  where  to  be  found,  even  in  the  bot- 
tom of  the  fea.  But,  fuppofing  the  deluge  to 
have  forced  fuch  a quantity  from  the  ocean, 
they  would  neceflarily  be  carried  off  with  vio- 
lence and  precipitation;  and,  confequently, 
could  never  have  been  depofited  in  the  fame 
pofition.  They  muft  have  been  tranfported, 
flowly  floating  in  the  waves  ; and,  of  courfe, 
their  accumulation  would  require  a much 
longer  time  than  a year. 

4 Upon  the  whole,  it  is  plain,  that,  either  be- 
fore or  after  the  deluge,  the  earth,  at  leaft  fome 
parts  of  it,  muft  have  been  in  a very  different 
fituation  from  what  it  now  appears  ; that  the 
fea  and  land  muft  have  had  a different  arrange** 
ment  ; and  that  there  was  formerly  a great 
gulf  in  the  middle  of  Turenne.  The  changes 
recorded  in  hiftory,  or  even  in  ancient  fable, 
are  inconfiderable  ; but  they  give  us  fome  idea 
of  what  might  be  produced  in  a long  feries  of 
ages.  M.  de  Reaumur  conjectures,  that  Tu- 
renne was  formerly  a gulf  of  the  fea,  and  that 
the  fhells  were  tranfported  by  a current.  But 
VOL.  i.  n 4 this 
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4 this  is  only  a mere  conjecture,  thrown  out  t d 
4 fupply  the  place  of  a fad:  as  yet  imperfectly 
% known.  Before  any  certain  conclufion  can 
4 be  drawn,  we  mu  ft  have  geographical  charts  of 
4 all  thofe  places  where  fliells  are  found  below 
4 the  furface  of  the  earth.  To  accomplifh  this, 

4 much  time  and  number! efs  obfervations  are 
4 requifite.  Science,  however,  may  in  time  be 
4 carried  thus  far.’ 

An  attention  to  the  following  circumftances 
will  leflen  our  furprife  at  this  great  colledion  of  * 
fhells:  i.  Shell-fifh  multiply  prodigioufly,  and 
arrive  at  maturity  in  a very  fhort  time.  The 
multitude  of  individuals  in  every  fpecies  is  si 
demonftration  of  their  amazing  fertility.  In  st 
fingle  day,  for  example,  a mafs  of  oyfters,  of 
feveral  fathoms  in  thicknefs,  is  often  raifed  ; 
the  rocks  to  which  they  are  attached,  diminifh 
eoflfiderably  in  a fhort  time  ; and  fome  banks 
are  entirely  exhaufted.  The  following  year, 
however,  furnifhes  an  equal  quantity,  and  not 
the  fmalleft  diminution  appears.  It  is  even 
doubted,  whether  a natural  bed  of  oyfters  was 
ever  entirely  exhaufted.  2.  The  fubftance  of 
fliells  is  analogous  to  that  of  ftone  ; they  are 
long  preferved  when  immerfed  in  foft  matter  5 
and  they  eafily  petrify  when  connected  with 
matter  naturally  hard  ; thefe  foflil  fhells,  there^ 
fore,  and  other  productions  of  the  fea  found  oil 
land,  being  the  fpoils  of  many  ages,  muft  necef* 
farily  have  accumulated  into  large  mafles, 

16  .r 
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We  have  already  remarked , the  prodigious 
quantities  of  fhells  preferved  in  marble,  lime- 
ftone,  chalk,  marl,  &c.  They  appear  in 
maffes  like  hills  or  mountains  ; and  they  often 
compofe  more  than  one  half  of  the  bodies 
in  which  they  are  contained.  Sometimes  they 
appear  entire,  and  at  other  times  in  fragments, 
but  large  enough  to  enable  us  to  diftinguifh  their 
refpedive  fpecies.  Here  our  knowledge  of  this 
fubjed,  derived  from  obfervation,  flops.  But  I 
go  farther,  and  maintain,  that  fhells  are  the  me- 
dium employed  by  nature  in  the  formation  of 
moft  flones;  that  chalk,  marl,  and  lime-ftone, 
confifl  entirely  of  the  duft  or  fragments  of  fhells  j 
and,  confequently,  that  the  quantity  of  decom- 
pofed  fhells  is  infinitely  greater  than  that  of 
thofe  which  have  been  preferved.  Thefe  por- 
tions fhall  be  fully  eftablifhed  in  the  fedion  upon 
minerals  ; and  I fhall  only  here  exhibit  the 
point  of  view  in  which  the  different  flrata  of 
the  earth  ought  to  be  confidered.  The  firft  bed, 
in  which  nothing  of  the  original  flrudure  ap- 
pears, is  compofed  of  mud  depofited  by  dews, 
rains,  and  fnow,  and  of  particles  of  animal  and 
vegetable  fuhftances.  The  inferior  beds  of 
chalk,  marl,  lime-ftone,  and  marble,  are  ‘com- 
pofed of  the  fpoils  of  fhells  and  other  fea-bo- 
dies,  mixed  occafionally  with  entire  fhells  or 
fragments  of  them.  But  clay  and  vitrinable 
fand  are  the  materials  which  compofe  the  inter- 
nal parts  of  the  globe.  Thefe  fuhftances  were 

N 2 vitrified 
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vitrified  at  the  time  the  earth  afliimed  its  figure* 
which  neceflarily  implies,  that  the  whole  was 
then  in  a melted  ftate.  The  different  fpeciee  of 
granite,  flint,  free-ftone  in  large  mafles,  flate, 
and  coal,  derive  their  origin  from  fand  and 
clay,  and  are  alfo  difpofed  in  beds.  But  tufa  , 
and  pumice,  free-ftone  and  flint  in  fmall  or  de- 
tached pieces,  cryftals,  metals,  pyrites,  molt 
minerals,  fulphurs,  &c.  are  matters,  the  forma- 
tion of  which  is  recent,  when  compared  with 
that  of  marble,  calcinable  ftones,  chalk,  marl, 
and  other  fubftances  that  are  difpofed  in  hori- 
zontal beds,  and  contain  fhells,  or  other  relics 
of  the  ocean. 

As  the  terms  I have  employed  may  appear 
obfcure  or  ambiguous,  it  is  neceffary  to  explain 
them.  clays,  I mean  not  only  the  white  and 
yellow  clays,  but  likewife  the  blue,  the  foft,  the 
hard,  the  laminated,  &c.  which  I confider  to  be 
the  fcoriæ  of  glafs,  or  the  decompofitions  of 
glafs.  By  fand , I always  underfland  verifiable 
fand;  and  I comprehend,  under  this  denomina- 
tion, not  only  the  fine  fand  which  produces  free- 
ftone,  and  which  I maintain  to  be  the  powder 
of  glafs,  or  rather  of  tufa,  but  alfo  that  fand  rub- 
bed off  free-ftone,  and  the  ftill  grofler  kind  re- 
fembling  fmall  gravel,  proceeding  from  granite 
and  rock-ftone,  and  which  is  brittle,  angular, 
and  reddiih,  and  generally  found  in  the  beds 
of  thofe  rivers  which  defcend  precipitantly 
from  hills  or  mountains  compofed  of  granite 

* or 
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©r  common  rock.  The  river  Armanfon,  which 
runs  by  Semur  in  Auxois,  where  all  the  ftones 
are  of  common  rock,  carries  down  great  quan- 
tities of  this  grofs,  rough,  and  brittle  fand.  It 
is  of  the  fame  nature  with  rock-ftone,  of  which 
it  is  only  fmall  portions,  as  calcinable  gravels 
are  only  particles  of  free-ftone.  Belides, 
rock-ftone  and  granite  are  the  fame  fubftances  ; 
but  I have  ufed  both  terms,  becaufe  they  are 
confidered  by  fome  as  different  fpecies.  The 
fame  may  be  remarked  of  flints  and  of  free- 
ftone  in  large  mafles  : Thefe  alfo  are  fpecies 
of  granite  ; and  I call  them  flints  in  large 
mafles,  becaufe,  like  calcinable  ftones,  they  are 
difpofed  in  beds,  and  alfo  to  diftinguifh  them 
from  flints  and  free-ftone  in  fmall  mafles,  as  the 
round  flints  and  fand-ftones,  which  have  no  con- 
tinuation, or  are  not  found  in  beds  of  any  ex- 
tent. Thefe  are  recent  productions,  and  have 
not  the  fame  origin  as  flint  and  free-ftone  in 
large  mafles,  which  form  regular  and  extenfive 
ftrata,  Under fate  I comprehend  the  blue,  the 
white,  the  gray,  the  reddifti,  and  all  the  plated 
ftones,  Thefe  bodies  are  generally  found  be- 
low laminated  clay,  and  feem  to  be  nothing  elfe 
but  clay  hardened  into  thin  ftrata  by  drying  ; 
and  this  is  the  reafon  of  fo  many  cracks  or  fif- 
fures  remarkable  in  fuch  fubftances.  Coal  and 
jet  are  likewife  referable  to  clay,  and  are  found 
under  the  laminated  clays  or  flate.  By  tufa  I 
mean  not  only  the  common  pumice  which  is 

N 3 full 
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full  of  holes,  and  has  an  organized  appearance, 
but  all  beds  of  ftone  formed  by  the  fediments  of 
running  waters,  all  the  ftaladtites,  incruftations, 
and  every  kind  of  ftone  that  diflolves  by  fire. 
It  does  not  admit  of  a doubt  that  all  thefe  are 
new  fubftances,  and  that  they  are  conftantly 
growing.  Tufa  is  only  a mafs  of  ftony  matter, 
not  diftinguifhed  by  regular  ftrata.  This  mat- 
ter is  commonly  found  in  fmall  hollow  cylin- 
ders, is  regularly  fhaped,  formed  by  rills  or  per- 
calations  at  the  foot  or  upon  the  declivities  of 
Fills,  and  confifting  of  coats  of  marl  or  calcareous 
earth.  The  cylindric  form  is  the  fpecific  cha- 
racter of  this  kind  of  tufa,  and  it  is  always  ei- 
ther oblique  or  ftraight,  according  to  the  direc- 
tion of  the  rills  by  which  it  is  produced.  The  ex- 
tent of  thefe  fpurious  quarries  is  inconfiderable, 
and  generally  proportioned  to  the  height  of  the 
mountains  which  furnifh  the  materials  of  their 
growth.  The  intervals  between  the  cylinders 
of  the  tufa,  by  the  daily  addition  of  frefli  ftony 
matter,  are  at  laft  filled  up,  and  the  whole  af- 
firmes a compact  and  folid  form  ; but  it  never 
acquires  the  hardnefs  of  ftone,  and,  for  that  rea- 
fon,  is  denominated  by  Agricola,  marga  tofacea 
Jifailofa . In  the  tufa  are  often  found  impref- 
fions  of  the  leaves  of  fuch  trees  and  plants  as 
grow  in  the  neighbourhood  ^ land-fhells,  well 
preferred,  are  likewife  frequently  found  in  the 
tufa,  but  never  fea-fhells  ; it  is,  therefore,  a 
recent  production,  and  ought  to  be  ranked  with 

ftalaûites, 
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ftalaCtites,  incruftations,  &c.  All  thefe  new 
fubftances  are  a kind  of  fpurious  ftones,  formed 
by  the  wafting  of  others,  but  never  arrive  at  the 
confidence  of  real  petrifaction. 

Cryftal,  precious  ftones,  every  ftone  that  has 
a regular  figure,  and  even  flints  in  fmall  mafles., 
and  confiding  of  concentric  coats,  whether 
found  in  the  perpendicular  fiflures  of  rocks,  or 
elfewhere,  are  only  exudations,  or  the  concret- 
ing juices  of  flint  in  large  mafles  ; they  are* 
therefore,  new  and  fpurious  productions,  the 
genuine  ftalaCtites  of  flint  or  of  granite. 

Shells  are  never  found  in  common  rock  or 
granite,  nor  in  free-ftone,  although  they  often 
appear  in  vitrifiable  fand,  from  which  free-ftone 
derives  its  origin.  This  circumftance  feems  to 
indicate,  that  fand,  unlefs  when  perfectly  pure, 
cannot  unite  into  free-ftone  or  granite  ; and  that 
a mixture  of  fhells,  or  of  other  heterogeneous 
bodies,  totally  prevents  it  from  cementing.  I 
’have  often  examined  thofe  fmall  round  ftones, 
found  in  beds  of  fand  which  are  mixed  with 
fhells,  and  never  could  difcover  in  them  a Angle 
fhelh  Thefe  round  ftones  are  true  concretions 
of  free-ftone,  formed  in  thofe  places  where  the 
fand  is  pure,  and  not  mixed  with  heterogeneous 
matter  ; which  is  the  reafon  why  no  larger 
mafles  are  produced. 

We  formerly  remarked,  that,  at  Amfterdam, 
which  is  a very  low  country,  fea-fhells  were 
found  100  feet  below  the  furface,  and  at  Marly*. 

3sr  4 la- Ville, 
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la- Ville,  6 leagues  from  Paris,  at  the  depth  of 
75  feet.  They  have  alfo  been  found  in  mines 
below  beds  of  rock  of  50,  100,  200,  and  even, 
of  1000  feet  thick,  as  is  apparent  in  the  Alps 
and  Pyrennees,  where  fhells  and  other  fea-bodies 
are  found  in  the  inferior  drata  of  immenfe 
rocks,  which  have  been  cut  through  in  a perpen- 
dicular direction.  But  to  proceed  in  order  : 
Shells  are  found  in  the  mountains  of  Spain, 
France,  and  England,  in  all  the  marble  quarries 
of  Flanders,  in  the  mountains  of  Gueldres,  in 
all  the  hills  round  Paris,  in  thofe  of  Burgundy 
and  Champagne;  in  a word,  in  all  places  where 
the  bafis  is  not  compofed  of  free-done  or  tufa  ; 
and,  in  all  thefe  places,  the  fubftance  of  the 
dones  confifls  more  of  fhells  than  of  any  other 
matter.  By  fhells,  I mean  not  only  the  re- 
mains of  fhell-fifh,  but  likewife  thofe  of  crufta- 
ceous  animals,  the  bridles  of  fea-hedge-hogs, 
and  all  the  productions  of  fea-infecds,  as  co- 
rals, madrepores,  adroites,  &c.  Any  man  may 
be  convinced,  by  the  evidence  of  his  own  eyes, 
that,  in  mod  marbles  and  calcinable  dones,  the 
proportion  of  fea-bodies  is  fo  great,  as  to  exceed 
the  matter  by  which  they  are  united. 

But,  farther,  fea-bodies  are  found  even  on  the 
tops  of  the  higheft  mountains  of  the  Alps  ; for 
example,  on  the  top  of  Mount  Genis,  in  the 
mountains  of  Genes,  in  the  Apennines,  and  in 
mod  of  the  done  and  marble  quarries  of  Italy. 
They  appear  in  the  dones  of  which  the  mod 
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ancient  buildings  in  Rome  are  conftrudted,  in. 
the  mountains  of  Tirol,  in  the  centre  of  Italy, 
on  the  top  of  Mount  Paterne  near  Boulogne,  in 
the  hills  of  Pouille,  in  thofe  of  Calabria,  in  many 
parts  of  Germany  and  of  Hungary,  and,  laftly, 
in  all  the  high  grounds  of  Europe  % 

In  Alia  and  Africa,  travellers  have  obferved 
fea-fhells  in  feveral  places  ; for  example,  4 upon 
4 the  Caftravan  mountains,  above  Baruth,’  fays 
Shawf,  4 where  there  is  a curious  bed  of  whitifh. 
4 ftone,  but  of  the  flate-kind,  which  contains,  in 
4 every  fieak  of  it,  a great  number  and  variety 
4 of  fifhes.  Thefe,  for  the  mo  ft  part,  lie  ex-*- 
f ceedingly  flat  and  comprefled,  like  the  foflil 
4 fern  plants  ; yet,  at  the  fame  time,  they  are  fo 
4 well  preferved,  that  the  fmalleft  ftrokes  and 
4 lineaments  of  their  fins,  fcales,  and  other  fu- 
4 perficial  diverfities,  are  eafily  diftinguiflied.’ 
Between  Cairo  and  Suez,  and  particularly  upon 
all  the  hills  of  Barbary,  fays  the  fame  author, 
are  many  petrified  fhells  and  echini  ; molt  of 
them  exaûly  correfpond  with  the  different  fpe- 
cies  ftill  exifting  in  the  Red  Sea,  As  to  Europe, 
petrified  fiffies  are  to  be  met  with  in  Switzer- 
land, Germany,  the  quarry  of  Oningen,  &c. 

Foflil  fhells,  fays  M.  Bourguet,  are  to  be 
found  in  the  long  chain  of  mountains  ftretch- 
ing  from  Portugal  to  the  mofl  eafterly  parts  of 
China,  in  the  valleys  of  Europe,  and  in  all  the 

* See  Steno,  Ray,  Woodward,  &c* 
f See  Shaw’s  Travels,  p.  344, 
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mountains  of  Africa  and  America  ; and  hence, 
he  remarks,  we  may  conclude,  that  they  alfo 
exift  in  thofe  parts  of  the  globe  with  which  we 
are  ftill  unacquainted. 

The  iflands  of  Europe,  of  Afia,  and  of  Ame- 
rica, wherever  men  have  had  occafion  to  dig, 
whether  in  the  mountains  or  in  the  valleys, 
fumifh  many  fpecimens  of  foflil  fhells  ; and 
this  circumftance  demonftrates,  that  iflands  are 
analogous  in  ftru&ure  and  formation  to  their 
neighbouring  continents*. 

Thefe  facfts  are  fufficient  to  prove,  that  foflil 
fhells,  petrified  fifties,  and  other  productions  of 
the  ocean,  exift  in  great  quantities  in  almoft 
every  place  where  proper  inveftigations  have 
been  made.  c It  is  true,’  fays  Tancrid  Robin- 
fon,  4 that  fea-fhells  are  difperfed  occafionally 
4 on  the  earth  by  armies,  and  by  the  inhabitants 
4 of  towns  and  villages.  La  Loubere  relates,  in 
4 his  voyage  to  Siam,  that  the  monkeys  of  the 
4 Cape  of  Good  Hope  perpetually  amufe  them- 
4 felves  by  tranfporting  fhells  from  the  fhores  of 
4 the  fea  to  the  tops  of  the  mountains.  But  this 
4 is  no  folution  to  the  queftion,  why  thefe  fhells 
c are  difperfed  through  every  climate  of  the 
4 earth,  or  why  they  are  found  in  the  bowels  of 
4 the  higheft  mountains,  and  difpofed  in  beds^ 
4 like  thofe  in  the  bottom  of  the  ocean.5 

Upon  perufmg  an  Italian  letter,  printed  at 
Paris  in  the  year  1746,  concerning  the  changes 

.*  See  Lettres  pbilofoph.  fur  la  formation  desfels,  p.  205. 
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tliis  globe  has  undergone,  I was  aflonifhed  to 
find  a repetition  of  Loubere’s  fentiraents.  Pe- 
trified fillies,  in  the  opinion  of  this  writer,  are 
always  of  rare  fpecies,  which  were  rejected  from 
the  Roman  tables,  becaufe  they  were  not 
efteemed  to  be  wholefome  : And  as  to  foffil 
fhells,  he  fays,  that  the  pilgrims  brought 
from  Syria,  in  the  time  of  the  crufades,  thole 
fhells  peculiar  to  the  Levant,  which  are  now 
found  petrified  in  France,  in  Italy,  and  in  other 
parts  of  Chriftendom.  Why  did  he  not  add, 
that  the  monkeys  tranfported  fhells  to  the  tops 
of  the  higheft  mountains,  which  never  were 
inhabited  by  men?  This  he  might  have  done 
with  great  facility,  and  it  would  have  given  an 
air  of  credibility  to  his  hypothefis!  How  fhould 
men,  who  pretend  to  philofophy,  differ  fo  wide- 
Jy  in  their  opinions  ? It  is  not  fufficient,  it 
would  appear,  to  find  foffil  fhells  in  alrnofl 
every  part  of  the  earth  where  pits  have  been 
dug,  nor  to  have  quoted  the  teftimonies  of  na- 
tural hiftorians,  as  thefe  authors  may,  according 
to  certain  fyftems,  have  imagined  that  fhells  ex- 
ified  where  none  were  to  be  found  : We  fhall, 
therefore,  to  prevent  all  prejudices  of  this  kind, 
quote  the  authority  of  fome  authors  who  had 
no  theory  to  fupport,  and  whofe  habits  of  ob- 
ier vati  on  could  only  enable  them  to  recognife 
fhells  that  were  entire,  and  in  the  belt  preferva- 
tion.  This  teftimony  will,  perhaps,  have  great- 
er authority  with  men  who  cannot  judge  of  the 
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304  OF  FOSSIL,  SHELLS,  See. 

fads,  nor  know  the  diftinction  between  real 
fhells  and  their  petrifactions. 

Every  man  may  examine  with  his  eyes  the 
banks  of  fhells  in  the  hills  round  Paris,  and 
efpecially  in  the  ftone-quarries,  as  at  Chauffee 
near  Seve,  at  Iffy,  Paffy,  and  other  places.  A 
great  quantity  of  lenticular  ftones  are  to  be 
found  at  Villers-Cotterets  ; the  rocks  are  almoft 
entirely  compofed  of  thefe  ftones;  and  they  are 
irregularly  interfperfed  with  a kind  of  cement, 
by  which  they  are  united,  At  Chaumont,  the 
quantity  of  fhells  is  fo  great,  that  the  whole 
hills,  which  are  pretty  high,  appear  to  confift  of 
nothing  elfe,  The  fame  phænomenon  is  exhL 
bited  at  Courtagnon  near  Rheims,  where  there 
is  a bank  of  fhells  of  about  four  leagues  broad, 
and  the  length  is  ftill  more  çonfiderable.  I 
mention  thefe  places,  beçaufe  they  are  famous, 
and  the  fhells  ftrike  the  eye  of  every  beholder. 

With  regard  to  foreign  countries,  let  us  at-* 
tend  to  the  remarks  of  travellers, 

4 In  Syria  and  Phoenicia,  in  the  neighbour-? 
4 hood  particularly  of  Latikea,  the  rocks  are  of 
4 a hard  chalky  fuhftance,  from  whence  the  ad- 
4 jacent  city  might  borrow  the  name  of  the 
4 White  Promontory . The  Nakoura,  formerly 
4 called  the  Scala  Tyriorum , is  of  the  fame  na- 
4 ture  and  complexion  ; both  of  them  including 
« a great  variety  of  corals,  fhells,  and  other  re-? 
4 mains  of  the  deluge*.’ 

* See  Shaw’s  Travels,  p.  344* 
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4 But  foffil  ihells,  and  other  the  like  teftimô- 
4 nies  of  the  deluge,  are  very  rare  in  the  moun~ 

* tains  near  Sinai,  the  original  menftruum,  per- 

* haps,  of  thefe  marbles,  being  too  corrofive  to 

* preferve  them.  Yet,  at  Corondel,  where  the 
4 rocks  approach  nearer  to  our  free-ftone,  I 
4 found  a few  chamæ  and  pedtunculi,  and  a cu- 
4 rious  echinus  of  the  difcoid  kind.  The  ruins 

* of  the  fmall  village  at  Ain-el-Moufa,  and  the 
4 feveral  conveyances  we  have  there  for  water, 
4 are  all  of  them  full  of  foffil  ihells.  The  old 
4 walls  of  Suez,  and  the  remains  that  are  left  us 
4 of  its  harbour,  are  like  wife  of  the  fame  ma- 
4 terials,  all  of  them  probably  from  the  fame 
4 quarry.  Between  Suez  and  Cairo,  Hkewife, 
4 and  all  over  the  mountains  of  Lybia,  near 
4 Egypt,  every  little  rifing  ground  and  hillock 
4 difcovers  great  quantities  of  the  echini,  as  well 
4 as  of  the  bivalve  and  turbinated  ihells,  moft  of 
4 which  exadtly  correfpond  with  their  refpedtive 
4 families  ftill  preferved  in  the  Red  Sea  "V 

The  moving  land  in  the  neighbourhood  of 
Raz  Sem,  in  the  kingdom  of  Barca,  covers  many 
palm-trees,  echini,  and  other  petrifactions.  Ra% 
Seme  fignifies  the  head  of  a Jijh , and  is  the  name 
of  what  is  called  the  petrified  village,  where  it 
has  been  alledged,  that  men  and  women,  with 
their  children,  cattle,  furniture,  &c.  may  be  feeu 
converted  into  ftone.  4 But,’  fays  Mr.  Shaw, 
4 all  this  is  mere  fidtion,  as  I learned  not  only 

• Shaw’s  Travels,  p.  444. 
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4 from  Mr.  Mair,  Confiai  at  Tripoli,  who  fetit  fe- 
4 veral  people  to  examine  into  the  fad,  but  alfo 
4 from  men  of  credit  and  learning  who  had  beei> 
4 on  the  fpot.’ 

Near  the  Pyramids  Mr.  Shaw  difcovered  fome 
ftones  which  had  been  hewn  by  workmen,  and 
were  mixed  with  little  round  bodies  like  lentils, 
and  fome  of  them  fefembled  barley  half  peeled* 
c Thefe,’  he  fays,  4 w^ere  fuppofed  to  have  been 
4 fragments  of  viduals  left  by  the  workmen, 
4 and  are  now  petrified.  But  this  account  ap- 
4 pears  to  be  very  improbable,’  &c.  Thefe 
lentils  and  grains  of  barley  are  nothing  but  pe^ 
trifled  llielis,  known  to  every  naturalift  by  the 
name  of  lentil- ftones. 

4 Many  foffil  ftones,’  fays  Mifion  4 are 
4 found  in  the  neighbourhood  of  Maeftricht, 

4 efpecially  near  the  village  of  Ziehen  or  Tichen, 
* and  in  the  mountain  called  the  Huns . 

4 In  the  environs  of  Sienne,  near  Certaldo, 

4 are  many  mountains  of  fand  filled  with  differ- 
4 ent  kinds  of  fhells.  Monte-mario,  about  a 
4 mile  from  Rome,  is  alfo  full  of  them.  I have 
4 remarked  them  in  the  Alps,  in  France,  and 
4 in  other  places.  Orlearius,  Steno,  Cambden, 

4 Speed,  and  many  other  writers,  have  related 
4 the  fame  phænomena  f. 

4 The  ifland  of  Cerigo,’  fays  Thevenot 
4 was  called  Porphyris  by  the  ancients,  on  ac- 

* See  Voyage  de  Miffon,  tom.  3.  p.  109. 
f Ibid.  tom.  2,  p.  312. 
x Vovage  de  Thevenot,  tom.  1.  p.  25. 
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V count  ôf  the  quantities  of  porphyry  found  in 
4 it.5  Now,  porphyry,  as  oblerved  above,  is 
eompofed  of  the  prickles  of  the  echinus,  or  fea- 
hedge-hog,  united  by  a very  hard  ftony  cement. 

4 Oppolite  to  Inchene,  a village  on  the  eaft 
4 bank  of  the  Nile,  I found  petrified  plants 
4 growing  naturally  on  a piece  of  ground  about 
4 two  leagues  in  length,  and  of  an  inconfiderable 
4 breadth.  This  is  one  of  the  molt  fingular 
4 productions  in  nature.  The  plants  refembled 
4 the  white  corals  which  grow  in  the  Red  Sea*.5 

4 There  are  feveral  fpecies  of  petrifaction  on 
4 Mount  Libanus,  and,  among  others,  fiat  ftones 
4 which  contain  the  fkeletons  of  fifties  entire, 
4 and  well  preferved  ; chefnuts,  and  fmali 
4 branches  of  coral,  of  the  fame  fpecies  with 
4 what  grows  in  the  Red  Sea,  are  likewife  found 
4 on  this  mountain  f 

4 In  mount  Carmel,5  fays  Shaw,  4 we  gather  a 
4 great  many  hollow  ftones,  lined  in  their  infides 
4 with  a variety  of  fparry  matter,  which,  from 
4 forne  diftant  refemblance,  are  faid  to  be  petri- 
4 fied  olives,  melons,  peaches,  and  other  fruit* 
4 Thefe  are  commonly  bellowed  upon  pilgrims, 
4 not  only  as  curiofities,  but  as  antidotes  againft 
4 feveral  diftempers  : The  olives,  which  are 
4 lapides  Judaici , as  they  are  commonly  called, 
4 have  been  always  looked  upon,  wdien  diflolved 
4 in  the  juice  of  lemons,  as  an  approved  medi* 

* See  Voyage  de  Paul  Luças,  tom.  2.  p*  380. 
f Ibid.  tom.  3.  p.  326. 
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* cine  againft  the  ftone  and  gravel  V Thde 
lapides  Judaici  are  the  points  of  the  echinus. 

4 M.  la  Roche,  a phyfician,  gave  me  fome 
c petrified  olives,  called  lapides  Judaici,  which 
4 grow  in  great  quantities  upon  the  mountains, 
4 where  are  to  be  found,  according  to  my  in- 
4 formation,  other  ftones,  which  in  their  infide 
4 contain  perfect  reprefentations  of  the  natural 
4 parts  of  men  and  women  f . Thefe  are  the 
4 hyfterolithes/ 

4 In  going  from  Smyrna  to  Tauris,’  fays  Ta- 
vernier, 4 when  we  came  to  Tocat,  the  heat  was 
4 excefiive  ; we  therefore  left  the  common  road 
4 to  the  north  of  us,  and  went  by  the  mountains, 
4 where  there  are  always  {hade  and  cool  breezes. 
4 In  many  places  we  found  fnow  ; and,  upon  the 
4 tops  of  fome  of  thefe  mountains,  we  faw  {hells 
4 refembling  thofe  upon  the  fea-fhore,  which  is 
4 an  extraordinary  phænomenon.* 

Let  us  attend  to  what  Olearius  fays  concern- 
ing the  petrified  {hells  he  obferved  in  Perfia,  and 
in  the  rocks  where  the  fepulchres  have  been 
cut  near  the  village  Pyrmarus. 

4 Three  of  us  afcended,  by  mutually  affifting 
4 each  other,  the  mofl  frightful  precipices,  and 
4 at  laft  gained  the  fummit,  where  we  found 
4 four  large  chambers,  with  feveral  niches  cut 
4 out  of  the  folid  rock  : But  what  ftruck  us  mod 
4 was,  to  find  in  this  vault,  on  the  top  of  the 

* See  Shaw’s  Travels,  p.  444. 
f Voyag.  de  Monconys,  p.  334. 
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€ mountain,  mufcle-fhells  ; and  in  fome  parts 
4 they  appeared  in  fuch  quantities,  that  this 

* whole  rock  feemed  to  confift  of  nothing  but 

* fand  and  fhells.  In  returning  from  Perfia, 

* we  perceived  feveral  of  thefe  fhelly  mountains 
4 upon  the  coafts  of  the  Cafpian  Sea.’ 

To  thefe  authorities  many  others  might  be 
added,  were  I not  apprehenfive  of  tiring  thofe 
who  need  no  additional  proofs  on  this  fubjed, 
and  who  have  perceived  with  their  eyes,  as  I 
have  done,  the  exiftence  of  fhells  in  all  places 
where  they  have  been  fearched  for. 

In  France,  we  find  not  only  the  fhells  belong- 
ing to  our  own  coafts,  but  thofe  which  never 
appeared  in  our  feas.  Some  philofophers  even 
alledge,  that  the  number  of  foreign  petrified 
fhells  greatly  exceed  thofe  of  our  own  climate* 
But  this  opinion  feems  not  to  be  well  founded  ; 
for,  independent  of  fuch  fhells  as  lie  in  the  bot- 
tom of  deep  water,  and  are  feldom  brought  up 
by  fifhers,  and,  of  courfe,  are  regarded  by  us  as 
foreigners,  though  they  may  exift  in  our  feas,  I 
find,  upon  comparifon,  that  more  of  the  petrified 
fhells  belong  to  our  own  fhores  than  to  any 
other.  For  example,  all  the  pe&ines,  moft 
cockles,  mufcles,  oyfters,  trumpet-fiiells,  ear-^ 
fhells,  limpets,  nautili,  ftars,  tubulites,  corals 
madrepores,  &c.  which  are  found  fo  univerfally, 
are  really  produced  in  our  feas  : And,  though 
many  fea-bodies  appear,  which  are  either  foreign 
or  unknown,  as  the  cornu  ammonis,  the  la* 
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pides  Judaici,  the  large  fcrew,  the  buccinum,  call^- 
ed  abajour , &c.  yet  I am  convinced,  by  repeat- 
ed obfervation,  that  the  number  of  thefe  fpe- 
cies  is  inconliderable,  when  compared  with  the 
(hells  which  belong  to  our  own  coafts.  Befides, 
the  madrepores,  adroites,  and  all  thofe  fea-bodies 
formed  by  infeds,  conftitute  the  bafis  of  our 
marbles  and  lime- (tone  ; for  the  (hells,  however 
abundant,  make  but  a fmall  part  of  thefe  (tones, 
and  many  of  them  are  produced  in  our  own 
feas,  and  particularly  in  the  Mediterranean. 

The  Red  Sea  produces  corals,  madrepores, 
and  fea-plants,  more  abundantly  than  any  other. 
The  port  of  Tor  fu raidies  an  amazing  quantity. 
In  calm  weather,  the  quantity  exhibited  is  fo 
great,  that  the  bottom  of  the  fea  refembles  a 
foreft.  Some  of  the  branched  madrepores  rife 
from  eight  to  ten  feet  high.  They  are  alfo 
very  common  in  different  parts  of  the  Me- 
diterranean ; and  are  to  be  found  in  all  gulfs, 
iflands,  &c.  of  every  temperate  climate,  where 
the  fea  is  not  very  deep. 

Mr.  Peyffonel  was  the  firft  who  difcovered 
that  coral,  madrepores,  &c.  were  not  plants,  but 
that  they  derived  their  origin  from  animals. 
The  truth  of  this  difcovery  was  long  doubted. 
Some  naturalifts  at  firft  rejeded  it  with  dif- 
dain.  But  it  foon  gained  univerfal  affent  ; and 
every  man  is  now  fatisfied,  that  what  wras  for- 
merly called  fea-plants,  are  nothing  but  hives, 
tar  rather  lodges,  formed  by  infeds  for  their  own 
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habitation.  Thefe  bodies  were  originally  clafied 
with  minerals,  then  with  plants,  and  now  they 
muft  for  ever  be  recognifed  as  the  genuine  ope- 
ration of  animals. 

Many  fhell-fifh  inhabit  the  deepeft  parts  of 
the  ocean,  and  are  never  thrown  upon  the  coafts  ; 
authors  have,  therefore,  termed  them  Pelagiœ7 
to  diftinguifh  them  from  the  other  kinds,  which 
they  call  Littorales . It  is  probable  that  the  cornu 
ammonis,  and  fome  other  fpecies,  found  only  in 
a petrified  ftate,  belong  to  the  former,  and  that 
they  have  been  impregnated  with  ftony  matter 
in  the  very  places  where  they  are  difcovered.  It 
is  alfo  probable,  that  the  fpecies  of  fome  animals 
have  been  extinguished,  and  that  thefe  fhells 
may  be  ranked  among  their  number.  The  ex- 
traordinary foffil  bones  found  in  Siberia,  in  Ca- 
nada, in  Ireland,  and  feveral  other  places,  feem 
to  confirm  this  conjecture  ; for  no  animal  has 
hitherto  been  difcovered  to  whom  bones  of  fuch 
enormous  fize  could  poffibly  belong. 

Fofiil  fhells,  fays  Woodward,  are  found  from 
the  top  to  the  bottom  of  quarries,  in  pits,  and  in 
the  deepeft  mines  of  Hungary  : And  we  are  in- 
formed by  Mr.  Ray,  that  they  are  found  in  the 
rocks  on  the  fhores  of  Calda,  and  in  Pembroke- 
Ihire,  at  the  depth  of  200  fathoms^. 

Shells  not  only  appear  in  a petrified  ftate  at 
great  depths,  and  on  the  tops  of  the  higheft 
mountains,  but  they  are  alfo  found  in  their  ;ia- 

* See  Ray’s  difcourfes,  p.  178, 
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tural  condition,  having  the  colour,  luflre,  and 
lightnefs  of  fea-fhells  ; fo  that,  to  be  fully  fatif- 
fied  on  this  fubjeâ:,  nothing  farther  is  requifite 
than  to  compare  them  with  the  fhells  found  on 
the  fhores  of  the  fea.  The  flighteft  examina- 
tion will  convince  us,  that  petrified  and  foflil 
fhells  are  precifely  the  fame  with  thofe  of  the 
ocean  ; for  they  are  marked  with  the  fame  fur- 
rows and  articulations,  however  minute;  and, 
in  the  gloflopetri  and  other  teeth  of  fifhes,  which 
are  fometimes  found  adhering  to  the  jaw-bone, 
it  is  obvious,  that  the  teeth  are  worn  and  po- 
lifhed  at  the  extremities,  and  that  they  have  been 
ufed  by  the  living  animals. 

Foflil  fhells  are  almoft  every  where  to  be  met 
with  ; and,  of  thofe  of  the  fame  fpecies,  fome 
are  fmall,  others  large,  fome  young,  others  old, 
fome  entire,  others  imperfect;  and  fometimes 
young  ones  appear  adhering  to  the  old. 

The  fhell-fifh  called  Purpura  has  a long 
tongue  the  extremity  of  which  is  fo  fharp  and 
ofleous,  that  it  pierces  the  fhells  of  other  fifhes, 
in  order  to  extract  nourifhment  from  them. 
Shells  pierced  in  this  manner  are  often  found 
in  the  bowels  of  the  earth  ; which  is  an  incon- 
teftible  proof  that  they  were  formerly  inhabited 
by  living  fifhes,  and  that  they  exifted  in  the  fame 
places  with  the  purpura*. 

The  obelifks  of  St.  Peter’s  at  Rome,  accord- 
ing to  John  of  Latran,  were  faid  to  have  been 

* See  Woodward,  p.  296.  300. 
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brought  from  the  Egyptian  pyramids  : They 
confift  of  a red  granite,  which,  as  formerly  re- 
marked, contains  no  fhells.  But  the  ancient 
marbles  of  Africa  and  Egypt,  and  the  porphyry 
faid  to  have  been  brought  from  Solomon’s 
temple,  and  the  palaces  of  the  Egyptian  kings, 
and  employed  in  feveral  of  the  Roman  buildings, 
are  full  of  fhells.  Red  porphyry  is  compofed 
of  an  infinite  number  of  the  prickles  of  that 
fpecies  of  echinus  called  a fea-chefnut  ; they 
are  placed  very  near  each  other,  and  form  the 
white  points  of  the  porphyry.  Each  of  thefe 
points  have  a black  fpeck  in  the  middle,  which 
is  the  feition  of  the  longitudinal  tube  of  the 
prickle  of  the  echinus.  At  Ficin  in  Burgundy, 
three  leagues  from  Dijon,  there  is  a red  ftone 
fo  fimilar  to  porphyry,  that  it  differs  only  in 
denfity,  not  being  harder  than  marble  : It  is  en-? 
tirely  compofed  of  the  points  or  prickles  of  the 
echini,  and  the  ftratum  of  it  is  confiderable  both 
in  thicknefs  and  extent.  Many  excellent  pieces 
of  workmanfhip  are  made  of  it  in  this  province, 
and  particularly  the  fteps  which  lead  to  the  pe- 
deftal  of  the  equeftrian  ftatue  of  Louis  le  Grand, 
at  Dijon.  This  fpecies  of  ftone  is  alfo  found  in 
Montbard  in  Burgundy;  it  is  lbfter  than  marble; 
but  it  contains  ftill  more  prickles  of  the  echini, 
and  a fmaller  proportion  of  red  matter.  Thus 
the  ancient  porphyry  of  Egypt,  and  the  por- 
phyry of  Burgundy,  differ  only  in  the  de- 
gree of  hardnefs,  and  in  the  quantity  of 
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prickles  or  points  of  the  echinus  contained  in 
them. 

With  regard  to  what  is  called  green  porphyry, 
I imagine  it  to  be  rather  a granite  than  a por- 
phyry, It  is  not,  like  the  red  porphyry,  com- 
pofed  of  the  prickles  of  the  echinus  ; and  its 
fubdance  has  a greater  refemblance  to  that  of 
common  granite.  The  ancient  walls  of  Vola- 
tera  in  Tufcany  have  been  built  of  (tones  in 
which  are  many  (hells,  and  thefe  walls  were  erect- 
ed 2500  years  ago*.  Mod  marbles,  porphyries, 
and  other  (tones  employed  in  the  buildings  of 
the  ancients,  contain  (hells  and  other  productions 
of  the  ocean,  in  the  fame  manner  as  fome  of  our 
modern  marbles.  Hence  we  may  conclude,  that, 
independent  of  the  teftimony  of  holy  writ,  the 
earth,  before  the  deluge,  was  compofed  of  the 
fame  materials  as  at  prefent. 

Upon  the  whole,  it  is  apparent,  that  petrified 
(hells  are  found  in  Europe,  in  Alia,  in  Africa, 
and  in  every  place  where  proper  refearches  have 
been  made.  They  are  alfo  found  in  America, 
in  the  Brafils,  for  example,  in  Tucumana,  in 
Terra  Magellanica,  and  in  fuch  vaft  quantities  in 
the  Antilles,  that  what  the  inhabitants  call  lime, 
which  lies  immediately  below  the  foil,  is  nothing 
but  a congeries  of  (hells,  corals,  madrepores, 
adroites,  and  other  fea-bodies.  Thefe  incon- 
tedible  faCts  would  have  led  me  to  conclude, 
that  petrified  (hells,  and  other  productions  of  the 
* Séë  Stërib  defolido  intra  foiidum,  p.  63. 
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ocean,  were  to  be  found  through  the  whole 
continent  of  America,  and  efpecially  in  the 
mountains,  as  Woodward  affirms.  But  M.  de 
la  Condamine,  who  lived  feveral  years  in  Peru, 
affures  me,  that  he  was  never  able  to  difcover 
any  of  them  in  the  Cordeliers,  although  he  had 
diligently  fearched  for  them.  This  phæno- 
menon  would  indeed  be  fingular,  and  would  lead 
to  conclufions  ftill  more  uncommon.  But,  I con- 
fefs,  the  teftimony  of  this  celebrated  obferver 
notwithstanding,  I am  ftrongly  inclined  to  be- 
lieve that  there  is,  in  the  mountains  of  Peru,  as 
well  as  every  where  elfe,  petrified  fliells  and  other 
fea-bodies,  although  they  have  not  yet  been  dif- 
covered.  In  matters  which  depend  on  teftimony, 
the  pofitive  evidence  of  two  witneffes  is  a com- 
plete proof  ; but  the  evidence  of  ten  thoufand 
witneffes,  who  only  declare  in  the  negative,  that 
they  never  obferved  a particular  appearance, gives 
rife  to  nothing  more  than  a flight  doubt.  Thus 
reafon,  joined  to  the  force  of  a general  analogy, 
obliges  me  to  perfift  in  believing  that  foflil  fhells 
will  ftill  be  found  in  the  mountains  of  Peru, 
efpecially  if  they  are  fearched  for  in  the  fides, 
and  not  on  the  very  fummits. 

The  tops  of  high  mountains  are  generally 
compofed  of  granite,  free-ftone,  and  other  vitri- 
fiable  materials,  which  never  contain  fhells. 
Thefe  matters  were  all  formed  out  of  beds  of 
fand,  when  they  were  covered  by  the  fea.  But, 
when  the  waters  left  the  mountains,  they  would 
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carry  off  the  fand,  and  other  light  bodies,  into  the 
plains,  and  leave  nothing  on  their  tops  but  thofe 
beds  of  rock  which  had  been  formed  below  the 
ftratum  of  fand.  At  two,  three,  or  four  hun- 
dred fathoms  below  the  fummit  of  thefe  moun- 
tains, we  often  find  marbles  and  other  calcinable 
matters,  difpofed  in  parallel  beds,  and  contain-* 
ing  fhells  and  other  fea-bodies.  Hence,  if  M. 
de  la  Condamine  examined  only  the  moft  ele- 
vated places,  which  confift  of  granite,  of  free- 
ftone,  or  of  verifiable  fand,  it  is  not  furprifing 
that  he  did  not  find  foffil  fhells.  But  he  ought 
to  have  explored  the  lower  parts  of  the  Corde- 
liers, and  he  would  unqueftionably  have  difco- 
vered  beds  of  marble,  earth,  &c.  mixed  with 
fhells  ; for  fuch  beds  have  been  found  in  every 
part  of  the  world  that  has  undergone  a proper 
examination. 

But,  fuppofing  it  to  be  a fad,  that  there  are 
no  produdions  of  the  ocean  in  the  mountains  of 
Peru,  nothing  could  be  concluded  from  it  which 
could  affed  our  theory.  Some  parts  of  the 
globe,  and  particularly  places  of  fuch  elevation 
as  the  Cordeliers,  might  never  have  been  cover- 
ed with  the  fea.  Thefe  mountains,  however, 
would  be  an  ample  field  for  curious  obfervation. 
They  would  not,  in  that  cafe,  confift  of  parallel 
beds.  Their  materials  would  be  very  different 
from  all  others  : They  would  have  no  perpen- 
dicular fiffures:  The  ftrudure  of  the  ftones  and 
rocks  would  have  no  refemblance  to  thofe  of 

other 
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other  countries:  Lajlly , Thefe  mountains  would 
exhibit  the  ancient  ftru&ure  of  the  earth  before 
it  was  changed  by  the  motion  of  the  waters  ; 
they  would  difcover  the  primitive  ftate  of  the 
globe,  its  original  form,  the  natural  arrangement 
and  connection  of  its  parts.  But  this  notion  is 
fupported  by  too  (lender  a foundation  ; and  it 
is  more  confonant  to  the  rules  of  philofophy  to 
believe  that  foflil  (hells  exift  in  the  mountains 
of  Peru,  in  the  fame  manner  as  they  exift  every 
where  elfe. 

With  regard  to  the  pofition  of  (hells  in  beds 
of  earth  or  of  (tone,  let  us  attend  to  the  follow- 
ing paffage  of  Woodward  : 4 All  the  (hells  that 
4 are  found  in  numberlefs  ftrata  of  earth,  and 
4 rocks,  in  the  higheft  mountains,  and  in  the 
4 mod  profound  quarries  and  mines,  in  flint, 
« cornelian,  agate,  &c.  and  in  maffes  of  fulphur, 
4 marcafites,  and  other  mineral  and  metallic  bo- 
4 dies,  are  filled  with  the  fame  fubftances  that 
6 compofe  the  ftrata  in  which  they  are  included, 
c and  never  with  any  heterogeneous  matter 

p.  206.  &c. 4 We  now  find  in  the  fand- 

4 (tone  of  all  countries,  (the  fpecific  gravity  of 
4 the  feveral  forts  whereof  is  very  little  different, 
4 being  generally  to  water  as  2 1 or  T9T  to  1) 
4 only  thofe  conchæ,  pectines,  cochleæ,  and 
4 other  (hells  that  are  nearly  of  the  fame  gra- 
4 vity,  viz.  2 1 or  24  to  1.  But  there  are  ordi- 
4 narily  found  enclofed  in  it  prodigious  num- 
4 bers  n whereas,  of  oyfter-lhells,  (which  are  in 
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* gravity  but  as  about  2-J-  to  i)  of  echini,  (which 
4 are  but  as  2 or  2£  to  i)  or  the  other  lighter 
4 kinds  of  (hells,  fcarce  one  ever  appears  therein* 
4 Ort  the  contrary,  in  chalk  (which  is  lighter 
1 than  done,  being  but  as  about  2^.  to  i)  there 
4 are  only  found  echini,  and  the  other  lighter 
4 forts  of  fhells  p.  32,  33. 

It  mud  here  be  remarked,  that  what  Wood- 
ward fays  with  refpect  to  fpecific  gravity,  is  not 
univerfaliy  true  ; for  fhells  of  different  fpecific 
gravities  are  often  found  in  the  fame  matters  ; 
fhells  of  cockles,  of  oyfters,  and  of  echini,  for 
example,  are  found  in  the  fame  bed  of  (tones  or 
of  earth.  In  the  cabinet  of  the  French  King, 
there  is  a cockle  petrified  in  a cornelian,  and 
echini  petrified  in  an  agate.  Hence  the  difference 
in  the  fpecific  gravity  of  fhells  has  had  lefs  in- 
fluence upon  their  pofition  in  the  flrata  of  the 
earth  than  Woodward  would  have  us  to  believe» 
The  reafon  why  the  fhells  of  the  echini,  and 
others  of  a light  texture,  abound  fo  much  in 
chalk,  is  owing  to  this  circumftance,  that  chalk 
itfelf  is  only  decompofed  fhells  ; thofe  of  the 
echini  being  lighter  and  thinner  than  others, 
would  be  mod  eafily  reduced  to  powder  or 
chalk;  and  hence  beds  of  chalk  could  exift  only 
in  thofe  places  where  were  formerly  collected 
by  the  fea  great  quantities  of  light  fhells,  the  de- 
ftru&ion  of  which  would  form  that  chalk  in 
which  we  {till  find  fhells  that  have  refifted  the 
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Operation  of  time,  either  in  an  entire  ftate,  or  in 
fragments  lufficient  to  difcover  their  fpecies. 

This  fubjecl  fhall  be  more  fully  treated  of  in 
the  article  concerning  Minerals.  I fhall  here  on- 
ly obferve,  that  Woodward’s  expreffions  are  of- 
ten too  general.  He  appears  to  affert,  that  ftiells 
are  found  as  frequently,  and  in  as  great  abun* 
dance,  in  flints,  cornelians,  chalcedonii,  ores,  and 
fulphur,  as  in  other  matters.  But  the  faCt  is,  that 
(hells  are  a very  rare  phæriomenon  in  vitrinable 
or  purely  inflammable  fubftances;  and,  in  chalk, 
marl,  and  marbles,  the  quantity  of  them  is  fo 
prodigious,  that  it  is  impoflible  to  affirm  that  the 
lighter  and  heavier  (hells  are  uniformly  found  in 
ftrata  correfponding  to  their  fpecific  gravities, 
though,  in  general,  this  may  be  the  cafe,  oftener 
than  otherwife.  They  are  all  impregnated  with 
the  bodies  in  which  they  are  immerfed,  whe- 
ther in  the  horizontal  beds,  or  in  the  perpendi- 
cular fifllires  ; becaufe  the  whole  has  been  affect- 
ed by  the  operation  of  water,  though  at  differ- 
ent times  and  in  different  manners.  Thole  found 
in  the  horizontal  beds  of  ftorie,  marble,  ccc. 
have  been  tranfported  and  depofited  by  the 
waves  of  the  fea  ; and  thofe  found  in  flints, 
cornelians,  and  other  matters,  peculiar  to  the 
perpendicular  fiffures,  were  formed  by  rills  of 
water  impregnated  with  lapidific  or  metallic 
fubftances.  In  both  cafes,  the  matter  that  fills 
the  (hells  has  been  in  the  ftate  of  à fine  impal- 
pable 
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pable  powder  ; becaufe  every  pore  of  them  is 
completely  filled,  and  the  moulds  of  them  are  as 
exaâ  as  the  impreffions  of  a feal  upon  wax. 

It  is,  therefore,  apparent,  that,  in  ftone,  mar- 
ble, &c.  there  are  multitudes  of  fhells  fo  entire, 
and  fo  wrell  preferved,  that  they  may  be  com- 
pared with  thofe  in  our  cabinets,  or  upon  the 
fhores  of  the  fea. 

4 There  being,  I fay,  befides  thefe,  fuch  vaft 
4 multitudes  of  fhells  contained  in  ftone,  &c, 
c which  are  entire,  fair,  and  abfolutely  free  from 
4 any  fuch  mineral  contagion  ; which  are  to  be 
4 matched  by  others  at  this  day  found  upon  our 
4 fhores,  and  which  do  not  differ  in  any  refpeft: 
4 from  them  ; being  of  the  fame  fize  that  thofe 
4 are  of,  and  the  fame  fhape  precifely;  of  the 
4 fame  fubftance  and  texture,  as  confifting  of  the 
4 fame  peculiar  matter,  and  this  cçnftituted  and 
4 difpofed  in  the  fame  manner  as  is  that  of  their 
4 refpe&ive  fellow-kinds  at  fea  ; the  tendency 
4 of  the  fibres  and  ftriæ  the  fame  ; the  compo- 
4 fition  of  the  lamellæ,  conftituted  by  thefe 
4 fibres,  alike  in  both  ; the  fame  veftigia  of  ten- 
4 dons  (by  means  whereof  the  animal  is  faften- 
4 ed  and  joined  to  the  fhell)  ; in  each  the  fame 
4 papillæ  j the  fame  futures,  and  every  thing 
4 elfe,  whether  within  or  without  the  fhell,  in, 
4 its  cavity,  or  upon  its  convexity,  in  the  fub- 
4 ftance,  or  upon  the  furface  of  it.  Befides, 
4 thefe  foffil  fhells  are  attended  with  the  ordj- 

4 nary 
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4 nary  accidents  of  the  marine  ones,  ex.  gr.  they 
4 fometimes  grow  to  one  another,  the  leffer  fhells 
4 being  fixed  to  the  larger:  They  have  the  bala- 
4 ni,  tubuli  vermiculares,  pearls,  and  the  like* 
6 ftill  adually  growing  upon  them.  And,  which 
4 is  very  confiderable,  they  are  moft  exaâdy  of 
4 the  fame  fpecific  gravity  with  their  fellow-kinds 
4 now  upon  the  {hares.  Nay  farther,  they  an- 
4 fwer  all  chymical  trials  in  like  manner  as  the 
4 fea-fhells  do;  their  parts,  when  difiolved,  have 
4 the  fame  appearance  to  view,  the  fame  fmell 
4 and  tafte'V 

I have  often  obferved,  with  aflonifhment, 
whole  mountains,  chains  of  rocks,  and  extenfive 
quarries,  fo  full  of  {hells,  and  other  fea-bodies, 
that  there  was  hardly  fpace  left  for  the  matters 
in  which  they  are  depofited. 

I have  feen  fome  arable  fields  fo  full  of  pe- 
trified cockles,  that  they  might  be  picked  up  by 
a blind  man,  others  entirely  covered  with  cornu 
ammonis,  and  others  with  cardites;  and  the  more 
this  fubjedt  is  inquired  into,  we  fhall  be  the. 
more  thoroughly  convinced,  that  the  number  of 
petrifactions  is  infinite,  and  that  it  was  abfolute- 
ly  impoffible  that  all  the  animals  which  inhabited 
thefe  fhells  could  exift  at  the  fame  time. 

I have  farther  remarked,  that  the  ftones  of 
thofe  arable  lands  which  abound  with  petrified 
{hells  in  an  entire  form,  well  preferved,  and  de- 
tached from  all  other  matter,  are  frittered  down 

# Woodward,  p,  23,  24. 
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by  froft,  which  deftroys  Hones,  but  has  little  ef- 
fect upon  petrified  {hells. 

Thefe  immenfe  quantities  of  petrified  fea- 
bodies,  found  in  fo  many  different  places  and  fi- 
xations, prove,  that  they  could  not  be  tranfport- 
ed  and  depofited  by  the  waters  of  the  deluge 
for  the  greateft  part  of  them,  inftead  of  being 
found  in  the  bowels  of  the  earth,  and  in  folid 
marble  at  the  depth  of  feven  or  eight  hundred 
feet,  mud  have  remained  on  the  furface. 

In  all  quarries,  petrified  fhells  form  part  of 
the  internal  ftruCLure  of  the  ftone,  the  furface 
of  which  is  often  covered  with  ftala&ites,  a 
matter  much  lefs  ancient  than  the  ftone  that 
contains  the  {hells.  Another  proof  that  thefe 
fhells  could  not  be  derived  from  the  deluge  is, 
that  the  bones,  horns,  daws,  &c.  of  land-ani- 
mals, are  feidom  found  in  a petrified  ftate,  and 
are  never  incorporated  in  marble,  or  other  hard 
ftones;  whereas,  if  thefe  effeCts  had  been  pro- 
duced by  the  deluge,  the  remains  of  land-ani- 
mals would  have  been  found  in  marbles,  as  well 
as  thofe  of  fifties. 

To  alledge,  that  the  earth  was  entirely  difV 
folved  at  the  time  of  the  deluge,  is  a mere  gratui- 
tous fuppofition,  which  required  a fécond  miracle* 
in  order  to  give  water  the  power  of  an  univer- 
lal  diffolvent.  Befides,  it  infers  an  evident  con- 
tradiction ; for,  if  water  was  then  an  univerfal 
menftruum,  how  could  fhells  have  been  pre- 
fer ved  in  the  entire  ftate  in  which  we  find  them  ? 
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This  is  an  evident  demonftration,  that  no  fucht 
diffolution  took  place,  and  that  the  parallel  ftrata 
were  not  formed  in  an  inftant,  but  were  gradual- 
ly produced  by  fucceffive  fediments;  for,  it  is 
apparent  to  every  obferver,  that  the  difpofition 
of  all  the  materials  comparing  the  earth  has  been 
occafioned  by  the  operation  of  water.  The  only 
queftion,  therefore,  that  remains,  is,  Whether 
this  arrangement  of  parts  was  produced  all  at 
once,  or  in  a fucceffion  of  time  ? Now,  it  has 
already  been  fhown,  that  it  could  not  poffibly 
happen  at  one  time  ; becaufe  the  materials  are 
not  difpofed  according  to  their  fpecific  gravities, 
and  becaufe  they  never  fuffered  a general  diffo- 
lution.  This  arrangement,  therefore,  muft  have 
originated  from  fucceffive  fediments.  Any  other 
caufe,  or  particular  revolution,  would  have  given 
rife  to  an  arrangement  totally  different.  Be- 
rides,  particular  revolutions,  or  accidental  caufes, 
could  never  have  produced  a uniform  difpofi- 
tion of  horizontal  and  parallel  ftrata  throughout 
the  whole  globe. 

Let  us  attend  to  what  the  hiftorian  of  the 
Academy  * has  faid  upon  this  fubjedl. 

4 The  many  marks  of  extenfive  inundations; 
4 and  the  manner  in  which  mountains  muft  be 
4 conceived  to  have  been  produced,  demonftrate, 
4 that  the  furface  of  this  earth  has  fuffered  great 
4 revolutions.  However  deep  we  penetrate  in- 


* Année  171S,  p.  3. 
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€ to  the  globe,  we  difcover  nothing  but  ruins, 
4 bodies  of  different  kinds  amaffed  and  incor- 

* porated  without  any  order  or  apparent  defign. 

4 If  there  be  any  regularity  in  the  ftru&ure  of 
4 the  earth,  it  lies  too  deep  for  our  refearches  ; 
4 we  mull,  therefore,  confine  ourfelves  to  the 
4 ruins  of  the  external  cruft,  which  will  be  fuf- 

* ficient  to  occupy  the  attention  of  philofophers. 

4 M.  de  Juffieu  difcovered,  in  the  neighbour- 
4 hood  of  St.  Chaumont,  a great  quantity  of 
4 flaty  or  laminated  ftones,  every  lamina  of 
4 which  was  marked  with  the  impfeflion  of  a 
4 ftem,  leaf,  or  other  portion  of  fome  plant. 
4 The  impreffions  of  leaves  were  uniformly 
4 extended,  as  if  they  had  been  ftretched  in 
4 the  ftones  by  the  hand  ; a clear  demonftration, 
4 that  they  had  been  tranfported  by  water, 
4 which  always  keeps  leaves  in  that  pofition: 
4 their  fituations  were  various,  and  fometimes 
4 they  lay  acrofs  each  other. 

4 It  is  natural  to  imagine,  that  a leaf  depofited 
4 by  water  upon  foft  mud,  and  then  covered 
4 by  a fimilar  layer  of  mud,  would  imprefs 
4 upon  the  undermoft  layer  the  figure  of  its  one 
4 fide,  and  upon  the  uppermoft  the  figure  of  its 
4 oppofite  fide;  and,  after  thefe  layers  hardened 
4 and  petrified,  that  they  would  each  bear  an 
4 impreflion  of  a different  fide  of  the  leaf.  But 
4 this  fuppofition,  however  natural,  does  not 
4 take  place  : the  two  laminæ  of  ftone  uni- 

4 formly 
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formerly  bear  the  impreffion  of  the  fame  fide 
of  the  leaf,  the  one  in  alto,  the  other  in  bafs- 
relief.  For  this  obfervation,  with  regard  to 
the  figured  ftones  of  St.  Chaumont,  we  are  in- 
debted to  M.  de  Juffieu  ; but  we  leave  the  ex-*- 
plication  of  it  to  himfelf,  and  ffiall  proceed  to 
remarks  of  a more  general  and  interefting  na- 
ture. 

c All  the  impreflions  on  the  ftones  of  Saint 
Chaumont  are  of  foreign  plants,  which  are 
not  to  be  found  in  any  part  of  France  ; they 
are  natives  either  of  the  Eaft  Indies,  or  of  the 
warmer  climates  of  America.  Moft  of  them 
belong  to  the  capillary  tribes,  and  they  are  ge- 
nerally particular  fpecies  of  ferns,  the  clofe 
texture  of  which  enables  them  both  to  make 
deep  impreflions,  and  to  remain  long  in  a ftate 
of  prefervation.  M.  Leibnitz  was  aflonifhed 
to  find  the  impreffions  of  the  leaves  of  a few 
Eaft  India  plants  upon  fome  ftones  in  Ger- 
many : In  the  example  under  confideration, 
the  wonder  is  greatly  augmented  ; for,  by 
fome  unaccountable  deftination  of  nature,  it 
would  appear,  that,  in  all  the  ftones  of  Saint 
Chaumont,  not  a fingle  impreffion  of  a native 
plant  is  to  be  found. 

4 From  the  number  of  foffil  ffiells  in  the 
mountains  and  quarries  exhibited  in  this  coun- 
try, as  well  as  in  many  others,  it  is  apparent, 
that  it  muft  have  formerly  been  covered  with 
vol.  1.  p 4 the 
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4 the  fea.  But  how  could  the  American  or  In- 
4 dian  oceans  come  hither  ? 

4 To  folve  this  and  other  furprifing  phaeno- 
4 mena,  we  may  fuppofe,  with  much  probabi- 
4 lity,  that  the  fea  originally  covered  the  whole 
4 globe.  But  this  fuppofition  will  not  anfwer  y 
4 becaufe  no  terreftrial  plants  could  then  exift  : 
4 The  plants  of  one  country,  therefore,  could 
4 only  be  tranfported  to  another  by  great  inun- 
4 dations. 

4 M.  de  Juffieu  imagines,,  that,  as  the  bed  of 
4 the  fea  is  always  rifing  higher  by  means  of  the 
4 mud  and  fand  inceflantly  carried  into  it  by  the 
4 rivers,  the  fea,  at  firft  confined  by  natural  dikes, 
4 might  at  laft  furmount  them,  and  fpread  over 
4 the  land  to  great  diftances  ; or,  which  would 
4 produce  the  fame  efifedt,  the  dikes  might  in 
4 time  be  rendered  fo  thin,  by  the  confiant  ope- 
4 ration  of  the  water,  that  they  would  at  laft 
4 give  way.  Soon  after  the  formation  of  the 
4 earth,  when  nothing  had  aflumed  a regular 
4 or  fettled  form,  fudden  and  prodigious  revo- 
4 lutions  might  then  be  produced,  of  which  we 
4 have  now  no  examples,  becaufe  every  thing 
4 is  in  fuch  a fixed  and  permanent  ftate,  that 
4 only  flow  and  inconfiderable  changes  can  take 
4 place  : It  is  for  this  reafon  that  we  find  a dif- 
4 ficulty  in  crediting  revolutions  more  fudden 
4 and  tremendous. 

4 By 
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4 By  fome  of  thefe  great  revolutions  the  Weft 

* or  Eaft  Indian  Oceans  might  have  been  poured 
4 in  upon  Europe  : In  their  journey,  they  would 
c tear  up  foreign  plants,  carry  them  off  floating 
4 on  the  waves,  and  gently  depofit  them  in 
4 fhallow  places,  from  which  the  waters  would 

* foon  evaporate/ 
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THEORY  of  the  EARTH. 


ARTICLE  IX. 


Of  the  Inequalities  upon  the  Earth's  Surface . 
HOUGH  the  inequalities  upon  the  furface 


of  the  earth  may  be  confidered  as  a de- 
formity in  its  figure,  they  are  abfolutely  necefla- 
ry  to  vegetation  and  animal  life.  To  be  convinced 
of  this  fadf,  we  need  only  confider  what  would 
be  the  condition  of  the  earth,  were  its  furface 
perfectly  fmooth  and  regular.  Inftead  of  thofe 
beautiful  hills  which  furnifh  abundance  of  wa- 
ter for  fupporting  the  verdure  of  the  earth,  in- 
ftead of  thofe  richly  garnifhed  fields,  where 
plants  and  animals  find  an  eafy  and  comforta- 
ble fubfiftence,  a dreary  ocean  would  cover  the 
whole  globe,  and  the  earth,  deprived  of  all  its 
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valuable  and  alluring  qualities,  would  be  an  ob- 
fcure  abandoned  planet,  fuited  only  for  the  ha- 
bitation of  fifties. 

But,  independent  of  moral  confiderations, 
which  feldom  ought  to  be  employed  in  natural 
philofophy,  the  furface  mull,  from  a phyfical 
neceflity,  have  been  irregular  ; for,  fuppofing  it 
to  have  been  originally  fmooth  and  level,  the 
motion  of  the  waters,  fubterraneous  fires,  the 
winds,  and  other  external  caufes,  would  necefi- 
farily  produce,  in  time,  irregularities  fimilar  to 
thofe  which  we  now  behold. 

Next  to  the  elevation  of  mountains,  the  depths 
of  the  ocean  form  the  greateft  inequalities.  This 
depth  is  exceedingly  diverfified,  even  at  great 
diftances  from  land.  In  fome  places  the  fea  is 
faid  to  be  a league  in  depth  ; but  that  is  a rare 
phænomenon  ; and  the  moft  common  depths 
are  from  60  to  1 50  fathoms.  Gulfs  and  branches 
of  the  ocean  which  run  in  upon  the  land,  are 
ftill  lefs  deep  ; and  ftraits  are  generally  the  moft 
fhallow  places. 

Depths  are  commonly  founded  by  a piece  of 
lead,  of  30  01*40  pounds  weight,  fixed  to  a fmall 
rope.  This  method  anfwers  well  enough  for  or- 
dinary depths,  but  it  is  liable  to  error  when  the 
depth  is  very  great  ; for  the  cord  being  fpecifi- 
eally  lighter  than  water,  after  much  of  it  has 
been  wound  down,  the  weight  of  the  lead  and 
that  of  the  cord  become  nearly  equal  to  their 
bulks  of  water  ; then  the  lead  defcends  no  more, 
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bat  runs  off  in  an  oblique  line,  and  floats  at  the 
fame  depth.  Hence,  in  founding  great  depths, 
an  iron  chain,  or  fome  body  heavier  than  water, 
ihould  be  employed.  It  is  for  want  of  atten- 
tion to  this  circumftance,  that  fome  navigators 
have  been  led  to  maintain,  that  the  fea,  in  ma- 
ny places,  has  no  bottom. 

In  general,  the  depths  in  open  feas  augment 
or  diminifh  in  a pretty  regular  manner,  being 
commonly  deeper  the  farther  from  land.  But 
to  this  remark  there  are  many  exceptions  ; for 
there  are  places  in  the  middle  of  the  fea,  as  at 
the  Abrolhos  in  the  Atlantic,  where  large  (helves 
appear  ; and  there  are,  in  other  places,  vaft 
fand-banks,  well  known  to  the  mariners  who 
fail  to  the  Eaft  Indies. 

Along  coafts,  the  depths  are  likewife  very  ir- 
regular. However,  it  may  be  laid  down  as  a 
certain  rule,  that  the  depth  is  always  propor- 
tioned to  the  height  of  the  coaft  : The  fame  ob- 
fervation  applies  to  rivers. 

It  is  eafy  to  meafure  the  height  of  mountains, 
either  geometrically,  or  by  the  barometer.  This 
infiniment  determines  the  height  of  a mountain 
pretty  exactly,  efpecially  in  countries  where  its 
variation  is  not  confiderable,  as  at  Peru  and 
other  equatorial  climates.  By  one  or  other  of 
thefe  methods,  the  height  of  moft  mountains  has 
already  been  afcertained  ; for  example,  it  has 
been  found,  that  the  higheft  mountains  of  Swit- 
zerland exceed  Canigau,  the  moft  elevated  of 

the 
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the  Pyrermees,  1600  fathoms*.  Thefe  moun- 
tains appear  to  be  the  higheft  in  Europe,  fince 
they  give  rife  to  a great  number  of  rivers  which 
run  into  different  and  very  difiant  feas,  as  the 
Po,  which  empties  itfelf  in  the  Adriatic,  the 
Rhine,  which  lofes  itfelf  in  the  fands  of  Hol- 
land, the  Rhone,  which  falls  into  the  Mediter- 
ranean, and  the  Danube,  which  runs  into  the 
Black  Sea.  Thefe  four  rivers,  the  mouths  of 
which  are  fo  difiant,  derive  part  of  their  waters 
from  St.  Godard  and  the  neighbouring  moun- 
tains ; a clear  proof  that  this  place  is  the  mofl 
elevated  part  of  Europe. 

Mount  Taurus,  Imaus,  Caucafus,  and  the 
■mountains  of  Japan,  are  higher  than  any  in  Eu- 
rope. The  mountains  of  Africa,  as  the  great 
Atlas,  and  the  mountains  of  the  Moon,  are  at 
leaft  equally  high  with  thofe  of  Aha  ; and  the 
higheft  of  all  are  thofe  of  South  America,  and 
efpecially  of  Peru,  which  are  3000  fathoms  above 
the  level  of  the  fea.  In  general,  the  tropical 
mountains  are  more  elevated  than  thofe  of  the 
temperate  zones,  and  thofe  of  the  latter  are  high- 
er than  thofe  nearer  the  poles.  Thus,  the  nearer 
the  equator,  the  greater  are  the  fuperficial  ine- 
qualities, which,  though  confiderable  with  regard 
to  us,  are  nothing  when  eflimated  in  relation  to 
the  whole  globe.  A difference  of  3000  fathoms 
in  3000  leagues  diameter,  is  but  a fathom  to  a 
league,  or  a foot  to  2200  feet,  and,  upon  a globe 


* See  Hift.  de  l’Acad.  1708,  p.  24. 
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of  2-*-  feet,  would  not  make  the  16th  part  of  a 
French  line.  Hence  this  earth,  which  to  us  ap- 
pears to  be  traverfed  and  interfered  by  moun- 
tains of  an  enormous  height,  and  by  feas  of  a 
dreadful  depth,  is,  in  relation  to  its  fize,  but 
flightly  furrowed  with  inequalities  fo  inconfi- 
derable,  that  they  cannot  make  any  variation 
upon  its  general  figure. 

In  continents,  the  mountains  form  continued 
chains  ; but,  in  iflands,  they  are  more  interrupt- 
ed, generally  rife  in  the  form  of  a cone,  or  py-*- 
ramid,  and  are  diftinguifhed  by  the  name  of 
peaks.  The  Peak  of  Tenerifxe,  in  the  Ifland  of 
Fer,  is  one  of  the  higheft  mountains  in  the  earth  ; 
it  is  nearly  a league  and  a half  perpendicular 
above  the  level  of  the  fea.  The  Peak  of  St. 
George  in  one  of  the  Azores,  and  the  Peak  of 
Adam,  in  the  Ifland  of  Ceylon,  are  likewife  ex- 
ceedingly high.  Thefe  peaks  are  compofed  of 
rocks,  piled  above  each  other  ; and  all  of  them 
throw  out,  from  their  fummits,  fire,  afhes,  bitu- 
men, minerals,  and  ftones.  Some  iflands,  as  St. 
Helena,  Afcenfion  Ifle,  and  moft  of  the  Canaries 
and  Azores,  are  only  the  tops  or  points  of  moun- 
tains. It  is  alfo  worthy  of  remark,  that  the 
middle  of  moft  iflands,  promontories,  and  capes, 
is  the  moft  elevated,  and  that  they  are  generally 
divided  into  two  parts,  by  chains  of  mountains 
which  run  in  the  dire&ion  of  their  greateft 
length  ; In  Scotland,  for  example,  the  Grampian 
mountains  (Grans-bain)  extend  from  eaft  to 
weft,  and  divide  the  ifland  of  Great  Britain  into 

two 
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two  parts  : The  fame  thing  takes  place  in  Su- 
matra, the  Lucca  Iflands,  Borneo,  Celebes,  Cuba, 
£>t.  Domingo,  the  peninfulas  of  Corea  and  Ma- 
laya, &c,  Italy  is  alfo  longitudinally  traverfed 
by  the  Apennines. 

Mountains,  as  mentioned  above,  are  of  differ- 
ent heights  ; the  hills  are  lowed:  ; then  follow 
the  mountains  of  an  ordinary  height,  which 
are  fucceeded  by  a third  range  ftill  higher.  All 
thefe  are  commonly  covered  with  trees  and 
plants  ; but  neither  of  them  furnifh  fprings  ex- 
cept at  their  bottoms.  In  the  laft  and  higheft 
range,  we  find  nothing  but  fand,  loofç  ftones, 
flints,  and  rocks,  the  tops  of  which  often  reach 
above  the  clouds.  Precifely  at  the  foot  of  thefe 
rocks,  are  little  plains,  or  hollows,  which  collect 
rains  and  fnow,  and  form  thofe  ponds,  morafies, 
or  fountains,  from  which  the  rivers  derive  their 
fources  *. 

The  figure  of  mountains  is  likewife  very  dif- 
ferent. Some  confift  of  long  chains  of  nearly 
an  equal  height  ; others  are  interfered  by  deep 
valleys  ; the  contours  of  fome  mountains  are 
pretty  uniform  ; thofe  of  others  are  moll  irre- 
gular, and  fometimes  a detached  little  mountain 
appears  in  the  middle  of  a plain  or  valley.  There 
are  alfo  two  kinds  of  plains  ; fome  occupy  the 
Jow  grounds,  and  others  appear  in  the  moun- 
tains. The  former  are  generally  divided  by 
fome  large  river  ; but  the  latter,  though  their 

* See  Lettres  Philofophiques  fur  la  Formation  des  Sels,  &c. 

p.  198. 
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extent  be  confiderable,  are  dry,  or  furnifhed  with 
a fmall  rill  only.  The  plains  in  the  mountains 
are  often  exceedingly  high,  always  of  difficult 
accefs,  and  form  one  country  above  another,  as 
in  Auvergne,  Savoy,  and  other  elevated  pro- 
vinces. The  foil  of  them  is  firm,  and  produces 
plenty  of  herbs  and  odoriferous  plants,  which 
make  them  the  fineft  pafture-grounds  in  the 
world. 

The  tops  of  high  mountains  are  compofed  of 
rocks  of  different  elevations,  which,  when  view- 
ed at  a diftance,  make  them  referable  the  waves 
of  the  fea  This  is  not  the  only  reafon  for 
our  affirming  that  mountains  were  formed  by 
the  motions  of  the  fea  ; I only  mention  it,  be- 
caufe  it  correfponds  with  every  other  phæno- 
menon.  But  the  following  fads  put  this  point 
beyond  all  controverfy:  The  foffil  {hells,  and 
other  fea-bodies,  every  where  found  in  fuch 
profufion,  that  they  could  not  poffibly  be  tranf- 
ported  from  the  fea,  in  its  prefent  ftate,  into 
continents  fo  diftant,  and  depofited  at  fuch  great 
depths  in  the  bowels  of  the  mountains  : The 
univerfal  pjtrallelifm  of  the  different  ftrata,  an 
effed:  which  could  only  be  produced  by  water, 
and  the  compofition  even  of  the  mod  denfe  of 
them,  as  tliofe  of  (tone  and  marble,  which  clear- 
ly evinces,  that,  before  their  formation,  they  had 
been  reduced  into  a fine  powder,  and  precipi- 
tated to  the  bottom  in  the  form  of  fediments  : 


* See  ibid.  p.  19 6. 
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The  exadfnefs  with  which  the  foffil  fhells  are 
moulded  in  the  matters  in  which  they  are  found  : 
The  cavities  of  foffil  fhells,  which  are  uniforavr 
ly  filled  with  the  fame  fubftances  that  contain 
them  : The  correfponding  angles  of  hills  and 
mountains,  which  nothing  could  effect  but  the 
currents  of  the  ocean  : The  equality  in  the 
heights  of  oppofite  hills,  and  the  different  ftrata 
uniformly  appearing  at  the  fame  levels  : And, 
laftly,  the  dire&ion  of  mountains,  the  chains  of 
which  extend  longitudinally,  like  the  waves  of 
the  fea. 

With  regard  to  the  depths  or  hollows  on  the 
furface  of  the  earth,  thofe  of  the  ocean  are  un- 
queftionably  the  greateft.  But,  as  thefe  are  hid 
from  human  view,  and  can  only  be  difcovered 
by  founding,  we  fhall  confine  ourfelves  to  thofe 
which  appear  on  the  dry  land,  fuch  as  deep  val- 
leys, precipices  found  between  rocks,  abyffes 
that  prefent  themfelves  in  high  mountains,  as  the 
abyfs  of  Mount  Ararat,  the  precipices  of  the 
Alps,  the  valleys  of  the  Pyrennees,  &c.  Thefe 
depths  are  a natural  confequence  of  the  elevation 
of  mountains  ; they  receive  the  water  and  earth 
carried  down  from  the  high  grounds  ; their 
foil  is  generally  fertile  ; and  they  are  full  of  in- 
habitants. The  precipices  among  rocks  are  of- 
ten occafioned  by  a fudden  finking  of  one  fide, 
the  bafe,  which  generally  inclines  more  one  way 
than  another,  being  loofened  by  the  adiion 
of  the  air,  and  of  froft,  or  by  the  violence  of 

torrents. 
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torrents.  But  abyffes,  or  thofe  enormous  pre- 
cipices that  appear  on  the  tops  of  fome  moun- 
tains, and,  to  the  bottom  of  which,  though  their 
circumference  be  a mile  and  a half,  or  three 
miles  round,  it  is  impoffible  to  defcend,  have 
been  formed  by  the  operation  of  fire.  They 
have  been  the  furnaces  of  ancient  volcano’s,  the 
matter  of  which  has  been  exhaufted  by  explo- 
fions,  and  the  long  a&ion  of  fires  that  are  now 
extinguished  by  the  defedl  of  combuftible  mat- 
ter. Of  this  kind  is  the  abyfs  of  Mount  Ara- 
rat, defcribed  by  Tournefort.  It  is  furrounded 
with  rocks  which  are  black  and  burnt.  The 
abyffes  of  Etna  and  of  Vefuvius  will  have  the 
fame  appearance  after  their  inflammable  mate- 
rials are  exhaufted. 

In  Plot’s  hiftory  of  the  county  of  Stafford  in 
England,  there  is  an  account  of  a kind  of  gulf, 
which  was  founded  by  a rope  of  2600  feet,  with- 
out finding  either  water  or  bottom,  the  rope 
being  too  fhort  *. 

The  greateft  cavities,  and  the  deepeft  mines, 
are  generally  in  the  mountains,  and  feldom  de- 
fcend to  the  level  of  the  plains.  By  them  w'e 
difcover  the  internal  ftru&ure  of  the  mountain 
only,  not  that  of  the  globe  itfelf. 

Befides,  thefe  depths  are  not  very  confiderable. 
Mr.  Ray  affirms,  that  the  deepeft  mines  exceed 
not  half  a mile.  The  mine  of  Cotteberg,  which, 
in  the  time  of  Agricola,  was  efteemed  to  be  the 

* See  Journal  des  Savans,  1680,  p.  12. 
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deepeft  in  the  world,  was  only  2500  feet  of 
perpendicular  depth.  There  are,  indeed,  holes 
in  particular  places,  as  that  mentioned  by  Plot, 
or  Poofs  hole  in  the  county  of  Derby,  the  depth 
of  which  is  probably  very  great  : But  none  of 
them  bear  any  fenfible  proportion  to  the  thick- 
nefs  of  the  globe. 

If  the  .kings  of  Egypt,  in  place  of  ereding 
pyramids  as  monuments  of  their  vanity  and 
riches,  had  expended  equal  fums  in  making  pro- 
found excavations  into  the  bowels  of  the  earth, 
to  the  depth  of  perhaps  a league,  they  might 
have  difcovered  fubftances  which  would  have 
recompenfed  their  labour  ; they  would  at  lead: 
have  extended  the  knowledge  of  the  earth’s  in- 
ternal ftrudure,  which  might  have  been  pro- 
ductive of  much  utility. 

But,  let  us  return  to  the  mountains.  The 
higheft  of  them  lie  between  the  tropics  ; and 
the  nearer  we  approach  to  the  equator,  the 
greater  are  the  inequalities  on  the  earth’s  fur- 
face.  A fhort  enumeration  of  mountains  and 
iflands  will  be  fufficient  to  eftablifh  this  point. 

In  America,  the  Cordeliers,  which  are  the 
higheft  mountains  in  the  world,  lie  precifely 
under  the  equator,  and  they  extend  on  both  fides 
a confiderable  way  beyond  the  Tropic  circles. 

The  higheft  mountains  of  the  Moon,  of  Mo- 
nomotapa,  and  the  great  and  little  Atlas,  in 
Africa,  lie  either  under  or  very  near  the  equa- 
tor. 
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In  Afia,  Mount  Caucafus,  the  chain  of  which, 
under  different  names,  runs  into  China,  and 
through  this  whole  extent,  lies  nearer  the  equa- 
tor than  the  poles. 

In  Europe,  the  Pyrennees,  the  Alps,  and  the 
mountains  £>f  Greece,  which  form  one  chain, 
are  ftill  lefs  diftant  from  the  equator  than  the 
pole. 

Thefe  chains  of  mountains,  of  which  we 
have  given  an  enumeration,  are  higher,  and  of 
greater  extent,  both  in  length  and  in  breadth, 
than  thofe  of  more  northern  countries.  With 
regard  to  their  direction,  the  Alps  form  a con- 
tinued chain  which  runs  acrofs  the  whole  Con- 
tinent from  Spain  to  China.  They  commence 
on  the  fea-coaft  of  Galicia,  join  the  Pyrennees, 
traverfe  France,  by  Vivares  and  Auvergne,  run 
through  Italy,  and  ftretch  into  Germany,  above 
Dalmatia,  until  they  reach  Macedonia  ; from 
thence  they  join  the  mountains  of  Armenia, 
the  Caucafus,  the  Taurus,  the  Imaus,  and  at 
laft  terminate  on  the  coafl  of  Tartary.  Mount 
Atlas,  in  the  fame  manner,  traverfes  the  whole 
Continent  of  Africa,  from  the  kingdom  of  Fez 
to  the  ftraits  of  the  Red  Sea.  The  mountains 
of  the  Moon  have  likewife  the  fame  dire&ion. 

But  the  mountains  of  America  have  an  oppo- 
fite  direction.  The  vaft  chains  of  Cordeliers, 
and  other  mountains,  run  more  from  fouth  to 
north  than  from  eaft  to  weft* 
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What  we  have  now  remarked  concerning  the 
greateft  elevations  of  the  land,  applies  equally  to 
the  greateft  depths  of  the  fea.  The  moft  exten- 
five  and  deepeft  feas  lie  nearer  the  equator  than 
the  poles.  From  thefe  united  obfervations,  the 
truth  of  our  general  pofition,  that  the  greateft 
inequalities  of  the  globe  are  to  be  found  in  the 
equatorial  regions,  is  fufficiently  eftablifhed. 
Thefe  irregularities  on  the  furface  of  the  earth 
give  rife  to  a number  of  curious  phænomena. 
Between  the  Indus  and  the  Ganges,  for  example, 
there  is  a large  peninfula,  through  the  middle 
of  which  runs  a chain  of  high  mountains,  called 
the  Gate,  which  extends  from  north  to  fouth, 
from  the  extremity  of  Mount  Caucafus  to  Cape 
Comorin.  One  fide  of  this  peninfula  forms  the 
coaft  of  Malabar,  the  other  that  of  Coromandel. 
On  the  Malabar  fide,  between  the  chain  of 
mountains  and  the  fea,  the  feafon  of  fummer  is 
from  September  to  April  ; and,  during  thefe 
months,  the  fky  is  ferene,  and  no  rain  falls. 
But  on  the  Coromandel  coaft,  which  lies  on  the 
other  fide  of  the  mountains,  this  very  period  is 
their  winter,  and  the  rains  fall  in  torrents. 
This  reverfe  of  fummer  and  winter  happens,  in 
fome  places,  no  farther  diftant  than  20  leagues  ; 
fo  that,  by  crofting  the  mountains,  a man  has  it 
in  his  power  to  change  feafons.  The  fame  thing, 
it  is  faid,  takes  place  at  Cape  Razalgate  in  Arabia, 
and  even  in  Jamaica,  which  is  divided  from  eaft 
to  weft  by  a chain  of  mountains.  On  the  fouth 

fide 
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fide  of  thefe  mountains,  the  plantations  enjoy 
the  warmth  of  fummer,  while  thofe  on  the  north 
fuffer  all  the  rigours  of  winter.  Peru,  which  is 
fituated  under  the  line,  and  extends  about  1000 
leagues  toward  the  fouth,  is  divided  into  three 
long  and  narrow  portions,  called  by  the  inha- 
bitants Lanos,  Sierras,  and  Andes . The  Lanos, 
which  are  the  plains,  extend  along  the  coaft  of 
the  South  fea  ; the  Sierras  are  hills  interfperfed 
with  valleys  ; and  the  Andes  are  the  famous  Cor- 
deliers, the  higheft  mountains  of  the  world.  The 
Lanos  are  about  io  leagues  broad  ; the  Sierras, 
in  many  places,  20  leagues;  and  the  Andes 
nearly  the  fame,  though  fome  parts  of  them  are 
more,  and  others  lefs  broad.  The  breadth  of 
thefe  divifions  is  from  eaft  to  weft,  and  their 
length  from  fouth  to  north.  This  part  of  the 
world  exhibits  the  following  remarkable  ap- 
pearances : 1 ft,  Along  the  whole  coaft  of  the 
Lanos,  a fouth-weft  wind  almoft  conftantly 
blows,  which  is  contrary  to  the  ordinary  direc- 
tion of  the  wind  in  the  Torrid  Zone.  2d,  In 
the  Lanos,  it  never  rains  or  thunders,  though 
there  are  plenty  of  dews.  3d,  It  rains  almoft 
continually  at  the  Andes.  4th,  In  the  Sierras, 
which  lie  between  the  Lanos  and  the  Andes,  it 
rains  from  September  to  April. 

It  was  long  thought  that  all  high  mountains 
run  from  weft  to  eaft,  till  the  contrary  direction 
was  difcovered  in  America.  But  M.  Bourget 
was  the'firft  who  remarked  the  furprifingre- 
1 1 gularity 
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gularity  in  the  ftrudture  of  thefe  great  maffes. 
After  paffmg  the  Alps  thirty  times  in  fourteen 
different  places,  the  Apennines  twice,  and  making 
feveral  tours  in  the  neighbourhood  of  thefe 
mountains,  and  of  Mount  Jura,  he  found,  that 
the  contours  of  all  mountains  have  a near  re- 
femblance  to  the  works  in  regular  fortifications. 
When  the  direction  of  a mountain  is  from  weft 
to  eaft,  all  its  projetions,  or  advances,  ftretch 
to  the  fouth  and  north.  This  amazing  regula- 
rity is  fo  remarkable  in  the  valleys,  that  a man 
is  apt  to  imagine  he  is  walking  in  a covered  " 
way.  If,  for  example,  a man  travels  in  a val- 
ley from  north  to  fouth,  he  perceives  that  the 
mountain  which  lies  to  the  right  hand  makes 
projetions  to  the  eaft,  and  that  the  projetions 
of  the  oppofite  mountains  regard  the  weft,  in 
fuch  a manner,  that  the  prominent  and  concave 
angles,  on  each  fide,  alternately  correfpond  with 
one  another.  When  the  valleys  are  large,  the 
angles  of  the  mountains  are  lefs  acute,  becaufe 
they  are  more  diftant  from  each  other,  and  the 
declivity  is  not  fo  rapid  or  fteep.  Thefe  angles 
are  not  perceptible  in  plains,  except  when  we 
ftation  ourfelves  on  the  banks  of  the  rivers, 
which  generally  occupy  the  middle  of  the  plains, 
and  whofe  natural  windings  correfpond  to  thé 
moft  advanced  angles  or  projections  of  the 
mountains.  It  is  aftonifhing  that  fuch  an  ob- 
vious faCt  fhould  have  remained  fo  long  unno- 
ticed; for,  it  is  apparent,  that,  in  valleys  lined 
V0k.  I.  with 
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with  oppofite  mountains,  when  the  declivity  of 
one  of  the  mountains  is  lefs  rapid  than  that  of 
the  other,  the  courfe  of  the  rivers  is  not  in  the 
middle,  but  nearer  to  the  fteepeft  mountain*. 

Thefe  general  observations  might  be  confirm- 
ed by  a multitude  of  fads.  The  mountains  of 
Switzerland,  for  example,  are  fteeper  on  the 
fouth  fide  than  on  the  north,  and  on  the  weft 
fide  than  on  the  eaft.  This  appearance  is  ob- 
vious in  Mount  Gemmi,  Mount  Brifa,  and  in 
almoft  all  the  other  mountains  in  this  country,., 
the  higheft  of  which  are  thofe  which  feparate 
Vallefia,  and  the  Grifons  of  Savoy,  from  Pied- 
mont and  Tirol.  Thefe  countries  are,  indeed* 
a continuation  only  of  the  fame  mountains,  the 
chain  of  which  extends  to  the  Mediterranean  ; 
and  the  Pyrennees  are  a continuation  only  of 
that  va  ft  mountain,  which  commences  in  Upper 
Vallefia,  vvhofe  branches  ftretch  far  to  the  weft 
and  fouth,  and  preferve,  throughout  that  whole 
extent,  a great  height  ; but,  on  the  north  and 
eaft  fides,  they  gradually  fink  into  plains,  as  ap- 
pears in  thole  extenfive  countries  which  are  tra- 
velled by  the  Rhine  and  Danube  before  they 
finifh  their  courfe,  while  the  Rhone  defcends  with 
rapidity  to  the  fouth,  and  empties  itfelf  in  the 
Mediterranean.  The  fame  obfervation  is  ex- 
emplified in  the  mountains  of  England  and  of 
Norway.  But  the  moft  perfed  example  is  af- 

* See  Lettres  Philofophiques  Air  la  Formation  des  Sels,  p. 
iSi.  zoo. 
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forded  by  the  mountains  of  Chili  and  Pern. 
The  Cordeliers  are  exceedingly  ftecp  on  the  weft 
fide;  but  they  haye  a gradual  declivity  to  the 
eaft,  and  terminate  in  vaft  plains,  which  are 
watered  by  the  greateft  rivers  in  the  world*. 

M.  Bourguet,  to  whom  we  are  indebted  Tor 
the  difcovery  of  the  correfpondence  between 
the  angles  of  mountains,  calls  this  difcovery  the 
Key  to  the  Theory  of  the  Earth . However,  he 
appears  not  to  have  perceived  its  whole  import- 
ance; for,  in  his  treatife  on  this  fubjedt,  he 
gives  the  fkeleton  only  of  an  hypothetical  fyftem, 
in  which  moft  of  his  conclufions  are  either  falfe 
or  uncertain.  The  theory  that  we  have  deliver- 
ed refts  upon  four  principal  fadis,  the  truth  of 
which,  after  examining  the  proofs  that  fupport 
them,  cannot  admit  of  a doubt:  the  firf  is, 
That  the  earth,  to  very  confiderable  depths,  is 
every  where  compofed  of  parallel  ftrata  of  dif- 
ferent matters,  which  were  formerly  in  a fluid 
or  foft  ftate  : the  fécond , That  the  fea  has,  for 
many  ages,  covered  the  whole  earth  which  we 
now  inhabit  : the  thirds  That  the  tides  and 
other  motions  of  the  waters,  produce  inequali- 
ties in  the  bottom  of  the  fea:  and  the  fourth , 
That  the  figure,  and  correfponding  direction  of 
mountains,  have  originated  from  currents  in  the 
ocean. 

After  pending  the  proofs  contained  in  the 
fublequent  articles,  the  reader  will  be  enabled  to 
* See  Phil,  Tranf.  Abridg.  vol.  6.  part  6.'  p.  158. 
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determine  whether  I am  right  in  maintaining, 
that  thefe  fads,  when  firmly  eftablifhed,  will 
likewife  afcertain  the  general  theory  of  the 
earth.  What  has  been  remarked  concerning  the 
formation  of  mountains  needs  no  farther  expli- 
cation. But,  as  it  may  be  objected,  that  I have 
not  accounted  for  the  formation  of  peaks,  or 
pointed  mountains,  nor  for  fome  other  particu- 
lar fads,  I fhall  add  fuch  obfervations  as  have 
occurred  upon  this  fubjed. 

I have  endeavoured  to  form  a diftind  and 
general  idea  of  the  manner  in  which  the  mate- 
rials compofing  this  earth  are  arranged,  and 
have  reduced  the  whole  to  two  claffes.  The 
JirJl  includes  all  the  matters  which  are  difpofed 
in  horizontal  or  regularly  inclined  beds  or  ftra- 
ta  ; and  the  fécond  comprehends  all  thofe  mat- 
ters which  appear  in  detached  maffes,  in  ridges, 
or  in  veins,  either  perpendicular,  or  irregularly 
inclined.  In  the  frf  clafs  I rank  fands,  clays, 
granites,  flints,  and  free-ftones  in  large  maffes, 
pit-coal,  fiâtes,  and  likewife  marls,  chalk,  cal- 
cinable  ftones,  marbles,  &c.  In  the  fécond , I in- 
clude metals,  minerals,  cryflals,  precious  ftones, 
and  flints  in  fmall  maffes.  Under  thefe  two 
claffes,  all  the  known  materials  of  the  earth  are 
comprehended.  Thofe  of  the  firft  clafs  owe 
their  Origin  to  fediments  tranfported  and  depo- 
fited  by  the  waters  of  the  fea,  and  ought  to  be 
diftinguifhed  into  fuch  as  are  calcinable  by  the 
application  of  fire,  and  fuch  as  melt,  and  are 
2 convertible 
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convertible  into  glafs.  The  matters  compre- 
hended under  the  fécond  clafs  are  all  vitrifiable, 
with  the  exception  of  thofe  called  inflammable, 
or  which  totally  confume  in  the  fire. 

There  are,  in  the  firft  clafs,  two  diftin£t  fpe- 
cies  of  fand;  the  one,  which  abounds  more 
than  any  other  matter  in  the  globe,  is  vitrifiable, 
or  rather  confifts  of  fragments  of  real  glafs  : 
The  other,  which  is  lefs  in  quantity,  is  calci- 
nable,  and  ought  to  be  regarded  as  the  duft  of 
ftone,  and  as  differing  from  gravel  only  by  the 
groffnefs  of  its  grains.  In  general,  vitrifiable 
fand  lies  in  beds  ; but  they  are  frequently  inter- 
rupted by  maffes  of  free-ftone,  of  granite,  and 
of  flint  ; and  fometimes  thefe  fuhftances  appear 
in  banks  of  a confiderable  extent. 

Sea-ffiells  are  feldom  found  in  this  fand,  or  in 
vitrifiable  bodies  ; and  even  thofe  which  appear 
in  them  are  not  difpofed  in  beds,  but  fcattered, 
as  it  were,  by  chance  : I never,  for  example, 
found  any  in  free-ftone.  This  ftone,  which 
abounds  in  certain  places,  is  nothing  but  fand 
united  by  a cement.  It  never  appears  but  in 
countries  where  vitrifiable  fand  is  frequent;  and 
the  quarries  of  it  are  generally  in  pointed  hills, 
fandy  lands,  or  interrupted  eminences.  Thefe 
quarries  may  be  wrought  on  all  fides  ; and, 
when  they  appear  in  large  beds,  they  are  more 
diftant  from  each  other  than  thôfe  of  marble  or 
calculable  ftones.  Blocks  of  free-ftone  may  be 
cut  of  all  dimenfions  ; and,  though  it  be  diffi- 
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cult  to  work,  its  hardnefs  is  inconfiderable  ; for 
it  is  eafily  reduced  to  fand  by  fridion,  except 
the  black  points  or  nails  fometimes  found  in  it, 
which  are  fo  hard  as  to  refift  the  beft  files.  Com- 
mon rock-ftone,  which  I confider  as  a fpecies 
of  granite,  is  vitrifiable,  and  of  a fimilar  nature 
with  free-ftone;  it  is  only  harder,  and  more  firm- 
ly cemented.  It  has  likewife  feveral  denfe  points, 
which  cut  the  fhoes  of  travellers  on  mountainous 
grounds.  It  alfo  contains  a great  number  of 
talky  fpangles;  and  the  whole  is  fo  hard  as  not 
to  be  worked  without  great  labour. 

After  narrowly  examining  thefe  hard  points 
found  in  free-ftone  and  granite,  I difcovered  that 
they  confift  of  metallic  matter,  which  has  been 
melted  and  calcined  by  a ftrong  fire,  and  that 
they  have  a perfed  refemblance  to  certain  fub- 
ftances  thrown  out  of  volcano’s,  of  which  I have 
feen  vaft  quantities  in  Italy.  They  are  called  by 
the  inhabitants  Schiarri.  They  are  black  heavy 
maffes,  upon  which  neither  fire,  water,  nor  the 
file,  can  make  any  impreffion.  This  metallic  mat- 
ter is  different  from  lava,  the  latter  being  a fpe- 
cies of  glafs  ; but  the  former  feems  to  partake 
more  of  metal  than  of  glafs.  The  points  in  free- 
ftone  and  granite  have  a great  refemblance  to 
this  matter,  which  is  a farther  proof  that  thofe 
fubftances  have  formerly  been  liquified  by  fire. 

On  the  tops  of  fome  high  mountains,  blocks 
of  granite  appear  in  great  quantities.  The  po- 
fitions'of  thefe  blocks  are  fo  irregular,  that  they 
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feem  to  have  been  thrown  together  by  accident  ; 
and  we  fhould  be  apt  to  imagine  that  they  had 
tumbled  down  from  fome  neighbouring  height, 
if  the  places  where  they  are  found  were  not 
higher  than  any  neighbouring  ground.  But  their 
vitrifiable  nature,  and  their  angular  and  fquare 
figures,  like  thofe  of  free-ftone  rocks,  difcover 
thefe  fubftances  to  have  an  uncommon  origin. 
Thus,  in  large  ftrata  of  vitrifiable  fand,  we  find 
blocks  of  free-ftone  and  granite,  the  figure  and 
fituation  of  which  follow  not  exactly  the  hori- 
zontal pofition  of  ftrata.  The  rains  have  gra- 
dually brought  down  from  the  hills  and  moun- 
tains the  fand  with  which  thefe  blocks  were  ori- 
ginally covered,  by  furrowing  and  cutting  into 
thofe  intervals  that  appear  between  the  yolks  or 
nuclei  in  free-ftone,  in  the  fame  manner  as  the 
hills  of  Fontainbleau  are  interfeded.  Every 
point  of  a hill  refembles  a nucleus  in  free-ftone 
quarries,  and  all  the  intervals  have  been  fcooped 
out  by  the  rains,  and  the  fand  they  originally 
contained  has  been  carried  down  to  the  valleys. 
Iii  the  fame  manner,  the  angular  blocks  of  gra- 
nite on  the  tops  of  high  mountains  were  for- 
merly covered  and  fufrounded  with  vitrifiable 
fand,  which,  being  gradually  carried  off  by  the 
rains,  left  the  blocks  in  the  pofition  in  which 
they  happened  to  be  formed.  Thefe  blocks  are 
generally  pointed  at  the  top,  and  augment  in 
thicknefs  towards  their  bafes  ; one  block  often 
refis  upon  another,  that  upon  a third,  and  fo  on, 
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leaving  irregular  intervals  between  them:  and 
as,  in  the  courfe  of  time,  the  fand  which  cover- 
ed the  blocks,  and  filled  the  intervals,  was  wall}- 
ed  down  by  the  rains,  there  would  nothing  re- 
main on  the  tops  of  high  mountains  but  pointed 
piles  of  irregular  blocks  ; and  hence  the  origin 
of  peaks,  or  mountains  ending  in  fharp  points. 

For,  let  it  be  fuppofed,  as  may  eafily  be  prov- 
ed by  the  fea-bodies  found  in  the  Alps,  that 
this  chain  of  mountains  was  formerly  covered 
by  the  ocean,  and  that  a thick  bed  of  vitrifiable 
fand  was  depofited  upon  their  tops,  which  re- 
duced the  whole  chain  to  a level  country.  This 
bed  of  fand  would  neceffarily  give  rife  to  large 
blocks  of  granite,  of  free-ftone,  of  flint,  and  of 
other  bodies,  the  confiftence  and  figure  of  which 
originate  from  fand,  nearly  in  the  fame  manner 
as  faits  cryftallize.  Thefe  blocks,  after  the  fand 
which  covered  them,  and  filled  their  interfaces, 
was  carried  down  to  the  plains,  by  rains,  torrents, 
&c.  would  maintain  their  original  ftations,  re- 
main bare  on  the  tops  of  the  mountains,  and 
ponftitute  all  thofe  peaks  or  pointed  eminences 
fo  frequently  exhibited  by  Nature.  To  the  fame 
origin  muft  be  afcribed  thofe  high  detached  rocks 
which  are  found  in  China  and  other  countries, 
as  in  Ireland,  where  they  are  diftinguifhed  by 
the  name  of  Devil's  Jlones , and  the  formation  of 
which,  as  well  as  of  peaked  mountains,  has  hi- 
therto appeared  fo  difficult  to  explain.  The 
explication,  however,  which  I have  given,  is  fo 
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natural,  that  it  generally  occurs  to  every  perfon, 
who  examines  thefe  objeâs  ; and,  on  this  occa- 
sion, I will  fet  down  a paffage  from  father  Tartre. 

* From  Yanchuin-yen  we  arrived  at  Hot- 
4 cheou.  Upon  the  road  we  remarked  a fin- 
4 gular  phænomenon,  namely,  rocks  of  a fur- 

* prifmg  height,  refembling  fquare  towers,  in  the 
4 midft  of  vaft  plains.  I cannot  account  for  this 
4 appearance,  unlefs  I be  allowed  to  fuppofe  thefe 
4 rocks  to  have  formerly  conftituted  a part  of 
4 mountains,  and  that  the  earth,  fand,  and  other 

* loofe  parts,  had  been  gradually  walked  away 
4 by  the  rains,  and  left  rocks  bare  on  all  fides. 
4 What  fortifies  this  conjedture  is,  that  we  faw 
4 feme  of  them,  the  bafes  of  which  were  fall 
4 furrounded  with  earth  to  a confiderable 

* height*.’ 

The  tops  of  the  higheft  mountains,  often  for 
$oo  or  300  fathoms,  confift  of  rocks  of  granite, 
free-ftone,  and  other  hard  and  vitrifiable  fub- 
ftances  : Below  thefe,  we  frequently aneet  with 
quarries  of  marble,  or  hard  calcinable  ftone,  full 
of  foffil  fhells  ; as  may  be  feen  at  the  great 
Chartreufe  in  Dauphiny,  and  upon  Mount  Cenis, 
where  the  ftones  and  marbles  which  contain  fhells 
are  lituated  fome  hundreds  of  fathoms  below  the 
points  or  peaks  of  high  mountains,  though  thefe 
beds  of  ftone  and  marble  be  more  than  1000 
fathoms  above  the  level  of  the  fea.  Thus  thofe 
paountains  which  have  peaks  or  points  generally 
f See  Lettres  édifiantes,  tome  i,  p.  135. 
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confift  of  verifiable  rocks;  and  thofe,  the  film- 
mits  of  which  are  flat,  contain,  for  the  moft  part, 
marbles,  and  hard  ftones  full  of  fea-bodies.  The 
fame  remark  holds  with  regard  to  hills  ; for 
thofe  compofed  of  granite  or  free-ftone  are  ge- 
nerally interfered  with  points,  eminences,  ca- 
vities, and  fmall  valleys.  But  thofe  compofed 
of  calcinable  ftone  are  nearly  of  an  equal  height, 
and  are  only  interrupted  by  larger  and  more  re- 
gular valleys,  with  correfponding  angles  ; and 
they  are  crowned  with  rocks,  uniform  and  level 
in  their  pofition. 

Though  thefe  two  fpecies  of  mountains  feem 
to  be  very  different,  their  figures  have  been  pro- 
duced by  the  fame  caufe,  as  has  already  been 
fhown:  But,  it  may  be  remarked,  that  the  cal- 
cinable ftqnes  have  fuffered  no  change  fince  the 
original  formation  of  the  horizontal  ftrata.  The 
verifiable  fands,  however,  may  have  been 
changed  and  interrupted  by  the  fubfequent  pro- 
duction of  rocks  and  angular  blocks  which  take 
place  in  fand-beds.  Both  fpecies  have  fiffures. 
Thofe  in  calcinable  rocks  are  aim  oft  alwrays  per- 
pendicular ; but  thofe  of  granite  and  free-ftone 
are  fomewhat  more  irregular  in  their  direction. 
It  is  in  thefe  fiffures  that  metals,  minerals,  cry- 
ftals,  fulphur,  and  all  the  fubftances  of  our  fécond 
clafs,  are  found.  Below  the  fiffures,  the  waters 
affemble,  penetrate  the  earth,  and  give  rife  to  the 
veins  of  water  which  every  where  appear  under 
the  furface. 
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ARTICLE  X, 

Of  Rivers . 

I HAVE  already  remarked,  that,  in  general, 
the  greateft  mountains  occupy  the  middle  of 
continents  ; that  thofe  of  a fmaller  kind  divide 
iflands,  peninfulas,  and  promontories;  that,  in 
the  Old  Continent,  the  diredion  of  the  greateft 
chains  of  mountains  is  from  weft  to  eaft  ; and 
that  thofe  which  run  to  the  north  or  fouth  are 
only  branches  of  the  principal  chains.  It  will 
appear  on  examination,  that  the  greateft  rivers 
have  the  fame  diredion,  and  few  of  them  follow 
the  courfe  of  the  branches  of  mountains.  To 
be  convinced  of  this  fad,  we  have  only  to  run 
our  eye  over  a common  globe  ; and,  beginning 
with  Spain,  wre  fhall  find  that  the  Vigo,  the 
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Douro,  the  Tagus,  and  the  Guadiana,  run  from 
eaft  to  weft,  and  the  Ebro  from  weft  to  eaft  ; 
and  that  there  is  not  a river  of  any  confidera- 
tion  which  runs  from  fouth  to  north,  or  from 
north  to  fouth,  although  Spain  be  almoft  entire- 
ly environed  by  the  fea  on  the  northern  and 
fouthern  parts.  This  remark  concerning  the 
rivers  of  Spain  demonftrates,  that  the  dire&ion 
of  the  mountains  is  from  weft  to  eaft  ; that  the 
fouthern  provinces  near  the  Straits  are  more  ele- 
vated than  the  coaft  of  Portugal  ; that,  in  the 
northern  parts,  the  mountains  of  Galicia,  the 
Afturias,  &c.  are  a continuation  only  of  the 
Pyrennees  ; and  that  this  elevation  of  the  coun- 
try, both  in  the  fouth  and  north,  is  the  caufe 
which  prevents  the  rivers  from  running  to  the 
fea  in  thefe  directions. 

In  examining  the  map  of  France,  it  is  appa- 
rent that  the  Rhone  is  the  only  river  which 
runs  from  north  to  fouth  ; and,  even  near  one 
half  of  its  courfe,  from  the  mountains  to  Lyons, 
is  from  eaft  to  weft:  Rut  the  direction  of  all  the 
great  rivers,  as  the  Loire,  the  Charente,  the  Ga- 
ronne, and  even  the  Seine,  is  from  eaft  to  weft. 

The  fame  obfervation  holds  with  regard  to 
Germany.  The  Rhine,  like  the  Rhone,  has  the 
greateft  part  of  its  courfe  from  fouth  to  north  ; 
But  the  other  large  rivers,  as  the  Danube,  the 
Drave,  and  all  the  rivers  which  fall  into  them, 
run  from  weft  to  eaft,  and  empty  themfelyes  in 
the  Black  Sea, 
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The  Black  Sea,  which  fliould  rather  be  re- 
garded as  a large  lake,  is,  from  eaft  to  weft,  near- 
ly three  times  as  long  as  from  fouth  to  north  ; 
and  conlequently  its  dire&ion  is  fimilar  to  that 
of  the  rivers.  The  fame  remark  is  applicable 
to  the  Mediterranean,  which  is  nearly  fix  times 
longer  from  eaft  to  weft  than  from  north  to 
fouth. 

The  Cafpian,  it  muft  be  acknowledged,  ac- 
cording to  the  chart  made  by  order  of  the  Czar 
Peter  I.  extends  more  from  north  to  fouth,  than 
from  eaft  to  weft.  But  the  ancient  charts  re- 
prefented  it  as  nearly  round,  or  rather  as  ex- 
tending more  from  eaft  to  weft  than  in  the 
oppofite  dire&ion.  If,  however,  the  lake  Aral 
be  confidered  as  a part  of  the  Cafpian,  from 
which  it  is  feparated  by  a fandy  plain  only,  the 
greateft  extent  of  this  fea  will  ftill  be  from 
weft  to  eaft. 

The  courfe  of  the  Euphrates,  of  the  Perfic 
gulf,  and  of  almoft  all  the  rivers  of  China,  is 
like  wife  from  weft  to  eaft.  The  rivers  of  the 
interior  parts  of  Africa  obferve  the  fame  direc- 
tion, running  either  from  weft  to  eaft,  or  from, 
eaft  to  weft.  The  Nile,  and  the  rivers  of  Bar- 
bary, are  the  only  ones  which  run  from  fouth 
to  north.  There  are,  it  is  true,  large  rivers  in 
Afia,  as  the  Don,  the  Wolga,  &c.  which  partly 
run  from  north  to  fouth  : But  they  only  ob- 
ferve this  direction  in  order  to  fall  into  the  Black 
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and  Cafpian  feas,  which  are  lakes  in  the  inte- 
rior parts  of  the  country. 

We  may,  therefore,  lay  it  down  as  a fad, 
that,  in  general,  the  rivers  and  mediterranean 
"waters  of  Europe,  Afia,  and  Africa,  run  or 
ftretch  more  from  eaft  to  weft  than  from  north 
to  fouth.  This  is  a natural  confequence  of  the 
parallel  diredion  of  the  different  chains  of 
mountains.  Befides,  the  whole  continent  of 
Europe  and  of  Afia  is  broader  from  eaft  to  weft 
than  from  north  to  fouth  : For  the  diredion  of 
mountains  may  be  confidered  in  two  points  of 
view.  In  a long  and  narrow  continent,  like  that 
of  South  America,  which  contains  only  one 
principal  chain  of  mountains,  extending  from 
fouth  to  north,  the  rivers,  not  being  reftrained 
by  any  parallel  chain,  mull  run  in  channels  per- 
pendicular to  the  range  of  thefe  mountains,  that 
is,  either  from  eaft  to  weft,  or  from  weft  to 
eaft;  and  this,  in  fad,  is  the  diredion  of  all  the 
great  rivers  in  America.  But  though,  both  in 
the  Old  and  New  Continent,  the  great  rivers 
run  in  the  fame  diredion,  this  effed  is  produ- 
ced by  different  caufes.  The  rivers,  in  the  Old 
Continent,  run  from  eaft  to  weft,  becaufe  they 
are  confined  by  many  parallel  chains  of  moun- 
tains which  ftretch  from  weft  to  eaft  ; but  thofe 
of  America  obferve  the  fame  diredion,  becaufe 
there  is  only  one  chain  of  mountains  ftretching 
from  fouth  to  north. 
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The  rivers  generally  occupy  the  middle  of 
the  valleys,  or  the  lowed  ground  between  two 
oppofite  hills  : If  the  two  hills  have  nearly  an 
equal  declivity,  the  river  runs  nearly  in  the  mid- 
dle between  them,  whether  the  intermediate 
valley  be  broad  or  narrow.  If,  on  the  contrary, 
the  declivity  of  one  of  the  hills  be  greater 
than  that  of  the  other,  the  river  will  not  occupy 
the  middle  of  the  valley,  but  will  approach  to 
the  deeped  hill,  in  proportion  to  the  fuperiority 
of  its  declivity.  In  this  cafe,  the  middle  of  the 
valley  is  not  the  lowed  ground  between  the  two 
hills,  but  lies  much  nearer  the  deeped  of  them  ; 
and  confequently  the  river  mud  occupy  that 
fpace.  This  obfervation  holds  univerfaily  when- 
ever the  difference  in  declivity  is  remarkable; 
and  the  rivers  never  recede  from  the  deeped 
hills,  unlefs,  in  their  courfe,  they  meet  with 
other  hills  of  equal  declivity.  In  procefs  of 
time,  however,  the  declivity  of  the  deeped  hill 
is  diminidied  by  the  rains,  the  melting  of  fnow, 
&c.  The  deeper  any  hill  is,  it  lofes  greater 
quantities  of  earth,  fand,  and  gravel,  by  the 
operation  of  rains,  and  thefe  fubdances  are  car- 
ried down  into  the  plain  with  a proportionably 
greater  rapidity,  and,  of  courfe,  force  the  ri- 
ver to  change  its  channel,  of,  in  other  words, 
to  retire  into  a lower  part  of  the  valley.  It 
may  be  added,  that,  as  all  rivers  occafionally 
fwell,  and  overflow  their  banks,  they  carry  off 
mud  and  fand,  which  they  depofit  in  different 
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parts  of  the  valley  ; and,  as  fand  and  gravel  are 
often  accumulated  in  the  channels  themfelves, 
thefe  circumftauces  make  the  waters  overflow, 
and  alter  the  direction  of  their  courfe.  Nothing, 
accordingly,  is  more  common,  than  to  find  in 
valleys  many  old  channels  in  which  the  river  has 
formerly  run,  efpecially  when  it  is  rapid,  fub-* 
je&  to  frequent  inundations,  and  carries  down 
great  quantities  of  fand  and  mud. 

In  plains,  and  extenfive  valleys,  watered  by 
large  rivers,  the  channels  of  the  rivers  are  com- 
monly the  loweft  parts:  But  the  furface  of  the 
water  in  the  river  is  fometimes  higher  than  the 
adjacent  ground.  When  a river,  for  inftance, 
begins  to  overflow,  it  foon  covers  a confiderable 
part  of  the  plain  ; but  the  banks  remain  longeft 
uncovered  by  the  water.  This  circumftance 
plainly  fhows  that  the  banks  of  rivers  are 
higher  than  the  neighbouring  ground  ; and  that, 
from  the  banks  to  a certain  part  of  the  plainf 
there  is  a fmall  declivity  or  Hope.  When,  there- 
fore, the  water  rifes  to  the  margin  of  the  banks, 
it  muftbç  higher  than  the  plain.  This  elevation 
of  the  ground  on  the  banks  of  rivers  is  occafion- 
ed  by  mud  and  fand  being  depofited  in  the  time 
of  inundations.  The  water,  during  great  fwells, 
is  always  exceedingly  foul  and  muddy:  When 
it  begins  to  overflow,  it  runs  flowly  over  the 
banks,  and,  by  depofiting  the  mud  and  fand,  it 
gradually  purifies  as  it  advances  into  the  plain  : 
Thus,  all  the  mud,  and  other  fubftances,  which 
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are  not  carried  down  by  the  current,  are  depo- 
fited  upon  the  banks,  and  gradually  elevate  them 
above  the  reft  of  the  plain. 

Rivers  are  always  wideft  at  their  mouths,  and 
turn  gradually  narrower  towards  their  fources  : 
But  it  is  more  worthy  of  remark,  that,  in  the  in- 
terior parts  of  a country,  and  at  great  diftances 
from  the  fea,  their  courfe  is  ftraight,  and  the 
frequency  of  their  windings  increafes  propor- 
tionally as  they  approach  to  their  termination. 
I have  been  informed  by  M.  Fabry,  who  per- 
formed many  journeys  in  the  weftern  parts  of 
North  America,  that  travellers,  and  even  the  fa- 
vages,  form  pretty  accurate  computations  of 
their  diftance  from  the  fea,  by  obferving  the 
courfes  of  the  rivers.  If  a river  ran  ftraight  for 
15  or  20  leagues,  they  knew  themfelves  to  be  a 
great  way  from  the  coaft  ; but,  if  the  finuofities 
were  frequent,  they  concluded  that  the  fea  was 
not  very  diftant.  M.  Fabry,  when  travelling 
through  unknown  and  uninhabited  regions,  de- 
rived much  advantage  from  this  obfervation. 
Near  the  lides  of  great  rivers,  the  regorging  of 
the  water  is  likewife  lefs  apparent  the  farther 
from  the  fea,  which  furnifhes  another  medium 
of  judging  concerning  the  diftance  : And,  as  the 
finuofities  multiply  the  nearer  rivers  approach 
to  their  mouths,  it  is  not  furprifing  that  fome  of 
them  fliould  yield  to  the  preffure  of  the  water,, 
and  give  rife  to  feveral  branches  or  divifions, 
before  they  reach  the  fea. 
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The  motion  of  the  water  in  rivers  is  very  dif- 
ferent from  the  reprefentation  given  of  it  by 
mathematicians.  The  furface,  taken  from  bank 
to  bank,  is  not  level  ; but  the  middle  of  the 
ftream  is  either  higher  or  lower,  according  to 
circumftances,  than  the  water  at  the  Tides.  When 
a river  fwelis  fuddenly  by  the  melting  of  fnow, 
or  any  other  caufe,  its  rapidity  increafes  ; and,  if 
its  courfe  be  ftraight,  the  middle  of  the  ftream, 
where  the  current  is  greateft,  rifes  and  forms  a 
fenftble  convexity.  This  elevation  is  fometimes 
very  confiderable.  M.  Hupêau,  who  meafured 
this  difference  of  level  between  the  fides  and 
the  ftream  of  the  Aveiron,  found  it  to  be  three 
feet.  This  effed  muft  always  be  produced 
when  the  rapidity  of  the  current  is  great  ; for 
the  quicknefs  of  the  motion,  by  diminifhing,  or 
partly  preventing  the  adion  of  gravity,  allows 
not  to  the  water,  in  the  middle  of  the  ftream, 
time  fufffcient  to  bring  it  to  a level  with  that  on 
the  fides,  and,  therefore,  it  remains  higher.  On 
the  other  hand,  near  the  mouths,  though  the 
current  be  very  rapid,  the  water  near  the  fides 
is  commonly  more  elevated  than  that  of  the 
middle  : The  river,  in  this  fituation,  has  a con- 
cave form,  the  loweft  point  of  which  is  the 
middle  of  the  ftream.  This  effed  is  always  pro- 
duced as  Tar  as  the  influence  of  the  tides  is  per- 
ceptible, which,  in  large  rivers,  extends  fome- 
times to  ioo  or  200  leagues  from  the  fea.  It  is 
likewife  a fad  well  known,  that  the  ftreams  of 
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rivers  continue  their  motion  a confiderable  way 
through  the  waters  of  the  fea.  In  this  cafe,  the 
water  of  the  river  has  two  oppofite  motions. 
The  middle,  or  current,  precipitates  itfelf  to- 
wards the  fea  ; but  the  adion  of  the  tide  pro- 
duces a counter  current,  or  regorging,  which 
elevates  the  water  on  the  Tides,  while  that  in  the 
middle  defcends  ; and,  as  all  the  water  mud  be 
carried  down  by  the  current,  that  on  the  fides 
conftantly  defcends  towards  the  middle  of  the 
llream,  with  a quicknefs  proportioned  to  the  ele- 
vation it  receives  from  the  regorging  of  the  tide. 

There  are  two  fpecies  of  regorging,  or  dam- 
ming up,  in  rivers  : The  firft  is  that  juft  now 
defcribed,  and  is  occafioned  by  the  adion  of  the 
tide,  which  not  only  oppofes  the  natural  defcent 
of  the  water,  but  even  communicates  to  it  a 
contrary  motion  or  current:  The  other  is  pro- 
duced by  an  inadive  caufe,  as  a projedion  of 
the  land,  an  ifland,  &c.  Though  this  kind  of 
regorging  gives  not  rife  to  any  extraordinary 
counter  current,  it  often  fenfibly  retards  the  pro- 
grefsof  fmall  boats,  and  produces  what  is  called 
dead  water , which  obferves  not  the  natural  courfe 
of  the  river,  but  turns  about  in  fuch  a manner 
as  greatly  obftruds  the  progrefs  of  veffels.  Thefe 
dead  waters  are  fenfibly  felt  in  paffing  through 
the  arches  of  a bridge,  efpecially  if  the  river  be 
rapid.  The  celerity  with  which  water  runs, 
when  the  height  or  pretfure  is  the  fame,  increafes 
in  proportion  as  the  diameter  of  the  canal, 
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through  which  it  pafles,  is  diminifhed.  The  ce- 
lerity of  a river,  therefore,  in  palling  through  a 
bridge,  increafes  in  the  inverfe  proportion  of  the 
width  of  the  whole  arches,  to  the  total  width  of 
the  river.  This  increafe  of  celerity,  in  palling 
through  the  arch  of  a bridge,  is  fo  confiderable, 
that  it  pulhes  the  water  from  the  ftream  towards 
the  banks,  from  which  it  is  reflected,  and  fome- 
times  forms  violent  eddies  or  whirlpools.  In 
palling  under  the  bridge  of  St.  Efprit,  the  mari- 
ners are  obliged  fcrupuloufly  to  keep  the  ftream, 
even  after  leaving  the  bridge  ; for,  if  they  al- 
lowed the  boat  to  decline  either  to  the  right  or 
left,  it  would  be  driven  with  violence  againft 
the  banks,  or,  at  leaft,  would  be  forced  into  the 
whirling  or  dead  waters,  from  which  they  would 
find  fome  difficulty  of  efcaping.  When; the 
eddy  is  confiderable,  it  forms  a fmall  gulf  with 
a cylindrical  void  in  the  middle,  round  which 
the  water  turns  with  rapidity.  This  cylindrical 
cavity  is  an  effect  of  the  centrifugal  force, 
which  makes  the  water  endeavour  to  fly  off 
from  the  centre  of  the  whirlpool. 

When  a great  fvvell  of  the  river  is  about  to 
happen,  the  water-men  perceive  a particular 
motion,  which  they  call  a moving  at  the  bottom ; 
that  is,  when  the  water  at  the  bottom  moves  with 
an  unufual  velocity,  which,  according  to  them, 
always  indicates  the  approach  of  a hidden  fwell. 
The  motion  and  weight  of  the  fuperior  waters, 
thought  not  yet  arrived,  fail  not  to  act  upon  the 
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waters  in  the  inferior  parts  of  the  river,  and  to 
communicate  motion  to  them:  For  a river,  in 
fome  refpe&s,  muft  be  confidered  as  a column 
of  water  contained  in  a tube,  and  its  channel  as  à 
long  canal,  in  which  every  motion  muft  be  com- 
municated from  one  end  of  it  to  the  other.  Now, 
independent  of  the  motion  of  the  fuperior  wa- 
ters, their  weight  alone  may  increafe  the  celerity 
of  the  river,  and  perhaps  make  it  move  quickeft 
at  the  bottom  ; for  it  is  well  known,  that, 
when  feveral  boats  are  at  once  pufhed  into  a 
river,  they  increafe  the  motion  of  the  water  be- 
low, and  retard  that  of  the  fuperior  water. 

The  celerity  of  running  waters  is  not  in  ex- 
aft  proportion  to  the  declivity  of  their  channels* 
A river  with  a uniform  declivity,  and  double  to 
that  of  another,  ought  not,  it  would  appear,  to 
run  with  more  than  a double  celerity  : But  its 
celerity  is  much  more  quick,  being  fometimes 
triple,  fometimes  quadruple,  &c.  The  celerity 
depends  more  upon  the  quantity  of  water,  and 
the  weight  of  the  fuperior  waters,  than  upon 
the  degree  of  defcent.  In  digging  the  bed  of  a 
river  or  drain,  it  is  unneceflary  to  make  the  de- 
fcent uniform  through  its  whole  extent.  A 
quick  motion  is  more  eafily  produced  by  mak- 
ing the  declivity  much  greater  at  the  fource 
than  at  the  mouth,  where,  like  the  beds  of  na- 
tural rivers,  it  is  almoft  imperceptible,  and  yet 
they  prefer ve  their  celerity,  which  is  more  or 
Ids,  according  to  the  quantity  they  contain  3 for 
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in  great  rivers,  even  where  the  ground  is  level, 
the  water  dill  runs,  not  only  with  the  velocity 
originally  acquired,  but  with  the  accumulated 
velocity  produced  by  the  adion  and  weight  of 
the  fuperior  waters*.  To  make  this  matter  ftili 
more  plain,  let  us  fuppofe  the  Seine  from  Pont- 
neuf  to  Pont-royal  to  be  perfedly  level,  and  to 
be  ten  feet  deep;  let  us  alfo  fuppofe  the  bed  of 
the  river  below  Pont-royal  and  above  Pont-neuf 
to  be  fuddenly  dried  up  ; the  waters,  in  this  cafe, 
would  run  both  up  and  down  the  channel,  till 
their  equilibrium  vras  perfectly  reftored.  This 
effed  is  produced  folely  by  the  weight  of  the 
water,  which  never  allows  it  to  remain  at  reft 
till  its  particles  are  equally  preffed  on  all  fides, 
and  its  furface  reduced  to  a perfed  level.  The 
weight  of  water,  therefore,  contributes  greatly 
to  increafe  the  celerity  of  its  motion.  This  is 
the  reafon  why  the  greateft  celerity  in  a current 
of  water  is  neither  at  the  bottom  nor  at  the  fur- 
face,  but  nearly  in  the  middle,  which  is  preffed 
both  by  the  column  above,  and  by  the  readion 
from  the  bottom.  But,  what  is  ftili  more,  when 
a river  acquires  a great  celerity,  it  will  not  only 
preferve  it,  though  running  through  a level 
country,  but  even  furmount  heights,  without 

* By  not  attending  to  thefe  circumftances,  M.  Khun  was  led 
falfely  to  affirm,  that  the  fource  of  the  Danube  was  at  leaft  two 
German  miles  higher  than  its  mouth  ; that  the  Mediterranean 
is  6J;  German  miles  lower  than  the  fources  of  the  Nile;  that  the 
Atlantic  ocean  is  half  a mile  lower  than  the  Mediterranean,  &c. 
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fpreading  much  to  a fide,  or,  at  leaft,  without 
producing  an  inundation  of  any  moment. 

One  would  be  apt  to  imagine,  that  bridges, 
and  other  obftacles  ereded  in  rivers,  would  create 
a confiderable  diminution  of  celerity  in  their 
whole  courfe.  But  the  difference  is  very  fmall. 
The  water,  upon  meeting  writh  any  obftacle,  rifes, 
in  order  to  furmount  it  ; and  the  increafe  of  ce- 
lerity communicated  by  its  fall,  nearly  cojnpen- 
fates  the  retardation  occafioned  by  the  obftacle. 
Thus,  finuofities,  projedions  from  the  land,  and 
iflands,  create  but  a fmall  variation  on  the  total 
celerity  of  a river’s  courfe.  The  moft  confider- 
able alterations  are  produced  by  the  greater  or 
iefler  quantities  of  water  ; when  the  quantity  is 
fmall,  a river  runs  flow,  when  great,  it  runs  with 
rapidity. 

If  rivers  were  always  equally  full*  to  enlarge 
their  channels  would  be  the  beft  method  of  di~ 
minifhing  their  rapidity,  and  to  contain  them 
within  their  banks.  But,  as  almoft  all  rivers 
rife  and  fall,  it  is  more  neceflary,  for  this  latter 
purpofe,  to  narrow  their  channels  ; for  fmall 
waters,  with  large  channels,  generally  fcoop 
out  winding  beds  in  the  middle;  and,  when  they 
fwell,  they  follow  the  diredion  of  thefe  particu- 
lar beds,  and  by  ftriking  with  violence  againft 
the  banks,  often  do  much  injury  to  mills  and 
other  works.  Thefe  bad  effeds  might  be  pre- 
vented, by  digging  gulfs  in  the  earth  at  conve- 
nient diftances.  To  accomplifh  this  purpofe,  a 
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part  of  one  of  the  banks  fhould  be  cut  through, 
and  the  earth  removed  for  a confiderable  fpace. 
Thefe  finall  gulfs  fhould  be  made  in  the  ob- 
tufe  angles  of  the  river  ; for  the  water,  in  turn- 
ing, would  run  into  them  ; and,  of  courfe,  its 
celerity  would  be  diminilhed.  This  method 
might  be  ufeful  in  preventing  the  fall  of  bridges 
in  places  where  fufficient  barriers  cannot  be  erect- 
ed to  refift  the  weight  of  the  water. 

The  manner  in  which  inundations  are  pro- 
duced, merits  particular  attention.  When  a ri- 
ver fwells,  its  celerity  uniformly  increafes,  till 
it  begins  to  overflow  the  banks  : From  that  mo- 
ment its  rapidity  is  checked,  which  is  the  reafon 
why  inundations  always  continue  feveral  days  ; 
for,  though  the  quantity  of  water  fhould  be 
diminifhed  after  the  commencement  of  the  in- 
undation, it  would,  notwithftanding,  continue 
to  overflow  ; becaufe  this  circumftance  depends 
more  on  the  celerity  than  on  the  quantity  of 
water.  If  it  were  other  wife,  rivers  would  of- 
ten overflow  their  banks  for  an  hour  or  two, 
and  then  retire  to  their  channels,  which  never 
happens.  An  inundation,  on  the  contrary,  al- 
ways lafls  fome  days,  although  the  rains  have 
ceafed,  and  lefs  water  runs  in  the  river  ; becaufe 
the  overflowing  of  waters  diminifhes  their  cele- 
rity ; and,  confequently,  although  the  fame 
quantity  of  water  arrives  not  in  the  fame  time 
as  formerly,  the  effect  is  the  fame  as  if  a larger 
quantity  had  been  brought  down.  It  may  like- 
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wife  be  here  remarked,  that,  if  a high  wind 
blows  contrary  to  the  current  of  the  river,  the 
inundation  will  be  increafed  by  this  occafional 
caufe,  which  diminiffies  the  celerity  of  the  wa- 
ter; but,  if  the  wind  blows  in  the  dire&ion  of 
the  current,  the  inundation  will  be  lefs,  and  re- 
tire more  quickly. 

4 The  inundation  of  the  Nile,5  fays  M.  Gran- 
ger, 4 has  long  been  a fubjedt  of  difcuffion 
4 among  the  learned.  Moft  of  them  have  confi- 
4 dered  it  as  a lingular  and  wonderful  phæno- 
4 menon,  though  nothing  be  more  natural  or 
4 more  common  ; for  it  takes  place  in  every 
4 country,  as  well  as  in  Egypt.  The  inundation 
4 of  the  Nile  is  occafioned  by  the  rains  which  fall 
4 in  Ethiopia  and  Abyffinia  ; but  the  north  wind 
4 may  be  regarded  as  the  principal  caufe  of  it  : 

4 i.  Becaufe  the  north  wind  drives  the  clouds 
4 which  contain  this  rain  into  Abyffinia  : 2.  Be- 
4 caufe  it  prevents  the  water  from  running  out 
4 of  the  mouths  of  the  river  in  any  great  quan- 
4 tity,  by  damming  up  the  ftream.  The  great 
4 effeâ:  of  this  wind  may  be  remarked  every 
4 feafon  ; for,  when  it  changes  from  north,  the 
4 Nile  lofes  more  water  in  one  day  than  in  four/ 

Inundations  are  generally  greateft  in  the  fu- 
perior  parts  of  rivers  ; becaufe,  as  formerly  ob- 
ferved,  the  velocity  of  a river  uniformly  in- 
creafes  till  it  empties  itfelf  in  the  ocean.  Father 
Caftelli,  a fenfible  writer  on  this  fubjedt,  re- 
marks, that  the  banks,  raifed  for  the  purpofe  of 
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keeping  the  Po  from  overflowing,  gradually  di- 
minifli  in  height,  as  the  river  approaches  to  the 
fea  ; that,  at  Ferrara,  which  is  60  or  70  miles 
from  the  mouth  of  the  river,  the  banks  are 
about  20  feet  above  the  ordinary  level  of  the 
water;  but  that,  at  10  or  12  miles  from  the 
fea,  though  the  channel  be  equally  narrow  as 
at  Ferrara,  they  are  not  above  12  feet*. 

In  fine,  the  theory  of  running  waters  is  fub- 
jed  to  many  difficulties.  It  is  not  eafy  to  give 
general  rules  which  will  apply  to  every  particular 
cafe.  For  this  purpofe,  experience  is  preferable 
to  fpeculation  : It  is  not  enough  that  we  know 
the  common  effeds  of  rivers  in  general  ; but,  if 
we  would  reafon  juftly,  and  give  liability  to 
our  labours,  we  ought  to  ftudy  the  peculiari- 
ties of  particular  rivers  in  which  we  have  an 
intereft.  Though  the  remarks  I have  made  be 
generally  new,  a greater  collection  is  neceflary. 
Perhaps  we  fhall  in  time  acquire  a diftind 
knowledge  of  this  fubjed,  and  be  enabled  to 
give  certain  rules  for  direding  and  confining 
rivers  in  fuch  a manner  as  will  prevent  the  de- 
llrudion  of  bridges,  banks,  and  other  damages 
occafioned  by  the  impetuofity  of  the  waters. 

The  greateft  rivers  of  Europe  are,  the  Wolga, 
the  courfe  of  which,  from  Refchow  to  Aft- 
racan  on  the  Cafpian  Sea,  is  about  650  leagues  ; 
the  Danube,  which  runs  about  450  leagues, 

* See  Racolta  d’autori  che  trattano  del  moto  dell’àcque,  vol.  i. 
p.  133. 
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from  the  mountains  of  Switzerland  to  the  Black 
Sea  ; the  Don,  the  courfe  of  which,  from  the 
fource  of  the  Sofna,  which  receives  it,  to  the 
Black  Sea,  is  400  leagues  ; the  Nieper,  which 
likewife  falls  into  the  Black  Sea,  after  running 
350  leagues  ; the  Duine,  which  empties  itfelf  in 
the  White  Sea,  runs  a courfe  of  about  300 
leagues,  &c. 

The  greateft  rivers  of  Afia  are  the  Hoanho, 
in  China,  which  rifes  at  Raja-Ribron,  and  after 
running  850  leagues,  falls  into  the  middle  of  the 
gulf  of  Changi,  in  the  Chinefe  fea  ; the  Jenifca, 
which  runs  from  Lake  Selinga  to  the  northern 
fea  of  Tartary,  a courfe  of  about  800  leagues  ; 
the  Oby,  the  courfe  of  which,  from  Lake  Kila 
to  the  north  fea  beyond  Waigat’s  Straits,  is 
about  600  leagues  ; the  river  Amour,  in  eaft  Tar- 
tary, has  a courfe  of  57 5 leagues,  from  the  head 
of  the  river  Kerlon,  which  falls  into  it,  to  the  fea 
of  Kamtfchatka  ; the  river  Menancon  may  be 
meafured  from  the  fource  of  the  Longmu, 
which  falls  into  it,  to  its  mouth  at  Poulo-con- 
dor  ; the  Kian,  the  courfe  of  which  is  about 
550  leagues,  from  the  fource  of  the  Kinxa, 
which  it  receives,  to  its  termination  in  the  fea 
of  China;  the  Ganges,  which  has  a courfe  near- 
ly of  the  fame  extent  with  the  Kian  ; the  Eu- 
phrates, computing  from  the  fource  of  the  Irma, 
which  it  receives,  runs  about  500  leagues  ; 
the  Indus,  which  runs  about  400  leagues,  and 
falls  into  the  Arabian  fea  on  the  eaft  of  Guza- 
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rat  ; and  the  Sirderoias,  which  runs  about  400 
leagues,  and  falls  into  Lake  Aral. 

The  greateft  rivers  of  Africa  are,  the  Sene- 
gal, the  courfe  of  which,  comprehending  the 
Niger,  which  is  a continuation  of  it,  and  the 
fource  of  the  Gombarou,  which  falls  into  the 
Niger,  is  about  1125  leagues  ; the  Nile,  which 
rifes  in  Upper  Ethiopia,  runs  about  970  leagues. 
There  are  others,  the  courfes  of  which  are  but 
partially  known,  as  the  Zaira,  the  Coanza,  the 
Couama,  and  the  Quilmanci,  each  of  which  we 
are  acquainted  with  to  the  extent  of  400  leagues. 

Laftly,  in  America,  the  river  of  the  Ama- 
zons runs  more  than  1200  leagues,  if  we  reckon 
from  the  lake  near  Guanuco,  30  leagues  from 
Lima,  where  the  Maragnon  rifes;  or,  even  com- 
puting from  the  fource  of  the  river  Napo,  near 
Quito,  the  courfe  of  the  Amazons  is  more  than 
1000  leagues*. 

The  courfe  of  the  river  St.  Lawrence  in  Ca- 
nada is  more  than  900  leagues,  computing  from 
its  mouth  to  Lake  Ontario,  from  that  to  Lake 
Huron,  Lake  Superior,  Lake  Alemipigo,  Lake 
Chriftinaux,  and  the  lake  of  the  Afliniboils,  the. 
waters  of  all  which  fall  into  one  another,  and  at 
lad  into  the  river  St.  Lawrence. 

The  river  Miffifippi  runs  more  than  700 
leagues,  from  its  mouth  to  any  of  its  lburces, 
which  are  not  far  from  the  lake  of  the  Aflini- 
boils. 

* See  Vovage  de  Condamine,  p.  15. 
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The  river  Plata  extends  more  than  800 
leagues,  from  its  mouth  to  the  fource  of  the 
Parana,  which  it  receives. 

The  river  Oronoko  runs  more  than  575 
leagues,  reckoning  from  the  fource  of  the  river 
Caketa,  near  Pafto,  which  partly  falls  into  the 
Oronoko,  and  partly  runs  towards  the  river  of 
the  Amazons*. 

The  Madera,  which  falls  into  the  Amazons, 
extends  more  than  660  leagues. 

In  order  to  compute  the  quantity  of  water 
difcharged  into  the  fea  by  all  the  rivers,  we  fhall 
jfuppofe,  which  is  nearly  the  truth,  that  one  half 
of  the  earth’s  furface  is  fea,  and  the  other  half 
dry  land  : We  fhall  like  wife  fuppofe  the  mean 
depth  of  the  fea  to  be  about  230  fathoms.  The 
total  furface  of  the  earth  is  170981012  fquare 
miles,  and  that  of  the  fea  is  85490506  fquare 
miles,  which  being  multiplied  by  1 -fourth, 
the  depth  of  the  fea,  gives  21372626  cubic 
miles  for  the  quantity  of  water  contained 
in  the  whole  ocean.  Now,  to  compute  the 
quantity  difcharged  into  the  ocean  by  the 
rivers,  let  us  take  a river,  the  velocity  and 
quantity  of  whofe  waters  are  known  ; the  Po, 
for  example,  which  paffes  through  Lombardy, 
and  waters  a country  of  380  miles  in  length. 
According  to  Riccioli,  the  breadth  of  the  Po,  be- 
fore it  divides  into  branches,  is  100  perches  of 
Boulogne,  or  1000  feet;  and  its  depth  is  10 
feet;  and  it  runs  at  the  rate  of  4 miles  in  an 
# See  M.  Condamine’s  Map. 
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hour  : Confequently  the  Po  difcharges  Into  the 
fea  200,000  cubical  perches  of  water  in  an  hour, 
or  4,800,000  in  a day.  But  a cubic  mile  con- 
tains 125,000,000  cubic  perches;  of  courfe,  it 
will  require  26  days  to  difcharge  into  the  fea  a 
cubic  mile  of  water.  It  only  remains  to  deter- 
mine the  proportion  that  the  Po  bears  to  all  the 
rivers  of  the  earth  taken  together,  which  cannot 
be  done  exa&ly.  But,  to  approach  nearly  to  the 
truth,  let  us  fuppofe  that  the  quantity  of  water 
which  the  fea  receives  from  the  great  rivers  in 
every  country,  is  proportioned  to  the  extent  of 
the  furfaces  of  thefe  countries;  and,  confequent- 
ly, that  the  country  watered  by  the  Po,  and  by 
the  rivers  which  fall  into  it,  is  to  the  total  fur- 
face  of  the  dry  land  as  the  Po  is  to  all  the  rivers 
of  the  earth.  Now,  by  the  moft  exad  charts, 
it  appears  that  the  Po,  from  its  origin  to  its 
mouth,  traverfes  a country  of  380  miles  in 
length  ; and  the  rivers  which  fall  into  it  on  each 
fide  arife  from  fources  which  are  about  60  miles 
diftant  from  the  Po.  Thus,  the  Po,  and  the  ri- 
vers it  receives,  water  a country  380  miles  long, 
and  120  broad,  which  makes  45600  fquare 
miles.  But  the  furface  of  the  dry  land  is 
85490506  fquare  miles;  confequently,  the  quan- 
tity of  water  carried  to  the  fea  by  all  the  rivers 
will  be  1874  times  greater  than  the  quantity 
difcharged  by  the  Po.  But,  as  26  rivers,  equal 
to  the  Po,  furnifh  a cubic  mile  of  water  each 
day,  it  follows,  that,  in  the  fpace  of  a year, 
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ï 874  rivers  equal  to  the  Po,  will  carry  to  the 
fea  26308  cubic  miles  of  water;  and  that  in 
812  years,  all  thefe  rivers  would  difcharge 
21372626  cubic  miles,  which  is  a quantity  equal 
to  what  is  contained  in  the  ocean  ; of  courfe,  if 
the  ocean  were  empty,  8 1 2 years  would  be  ne- 
ceffary  to  fill  it  by  the  rivers 

It  is  a refult  of  this  calculation,  that  the  quan- 
tity of  water  raifed  from  the  fea  by  evapora- 
tion, and  tranfported  upon  land  by  the  winds, 
is  from  20  to  21  inches  in  the  year,  or  about  4 
of  a French  line  each  day.  This  evaporation, 
though  tripled  to  make  allowance  for  what  falls 
back  into  the  fea  from  the  clouds,  is  very  incon- 
fiderable.  Mr.  Halley  f has  clearly  demonftrated, 
that  the  vapours  tranfported  from  the  fea,  and 
difcharged  upon  the  land,  are  fufficient  to  main- 
tain all  the  rivers  and  lakes  in  the  world. 

After  the  Nile,  the  Jordan  is  the  largeft  river 
in  the  Levant,  or  even  in  Barbary.  It  difcharges 
each  day  into  the  Dead  Sea  about  6,000,000  of 
tons.  All  this  water,  and  more,  is  carried  off 
by  evaporation  ; for,  according  to  Halley’s  cal- 
culation of  6914  tons  evaporated  from  each  fu- 
perficial  mile,  the  Dead  Sea,  which  is  72  miles 
long,  and  18  broad,  muft  lofe  every  day,  by 
evaporation,  near  9,000,000  of  tons  ; that  is, 
not  only  all  the  water  it  receives  from  the  Jor- 
dan, but  from  the  fmaller  rivers  which  come 

* See  Keil’s  Examination  of  Burnet’s  Theory,  p.  126. 
f See  Phil.Tranf.  nom.  192. 
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from  the  mountains  of  Moab,  and  elfe  where- 
of courfe,  this  fea  has  no  occafion  to  communi- 
cate with  any  other  by  fubterraneous  paflages*. 

The  mo  ft  rapid  of  all  rivers  are,  the  Tigris, 
the  Indus,  the  Danube,  the  Yrtis  in  Siberia,  the 
Malmiftra  in  Cilicia,  &c  f . But,  as  was  for- 
merly remarked,  the  velocity  of  rivers  depends 
both  on  the  declivity  and  the  weight  of  water. 
In  examining  the  globe,  we  find  that  the  Da- 
nube has  lefs  declivity  than  the  Po,  the  Rhine, 
or  the  Rhone;  for  the  courfe  of  the  Danube  is 
longer,  and  it  falls  into  the  Black  Sea,  which  is 
higher  than  the  Mediterranean,  and  perhaps 
than  the  ocean. 

Great  rivers,  in  their  .courfe,  are  conftantly 
receiving  ftnall  ones  into  their  channels.  The 
Danube,  for  example,  receives  more  than  200 
brooks  and  rivulets.  But  if  we  reckon  only 
rivers  of  fome  confideration,  we  will  find,  that 
the  Danube  receives  30  or  31,  the  Wolga  32  or 
33,  the  Don  5 or  6,  the  Nieper  19  or  20,  the 
Duine  11  or  12.  The  Hoanho,  in  Afia,  receives 
34  or  35  rivers>  A0  Jenifca  more  than  60,  the 
Oby  an  equal  number,  the  Amour  about  40,  the 
Kian,  or  river  Nankin,  30,  the  Ganges  more 
than  20,  the  Euphrates  10  or  11,  &c.  In  Afri- 
ca, the  Senegal  receives  more  than  20  rivers  ; 
the  Nile  receives  none  lower  than  500  leagues 
from  its  mouth,  the  laft  which  falls  into  it  be- 
ing the  Moraba;  and  from  this  place  to  its 

*■  See  Shaw’s  Travels.  f See  Varenii  Geog.  p.  178. 
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fource*  it  receives  about  12  or  13.  In  America* 
the  Amazons  receives  more  than  60  confider- 
able  rivers*  St.  Lawrence  about  40,  reckoning 
thofe  which  fall  into  the  lakes*  the  Miffifippi 
more  than  40,  the  Plata  above  50,  &c. 

Upon  the  furface  cf  the  earth,  there  are  ele- 
vated countries  which  feem  to  be  points  of  par^ 
tition  marked  out  by  nature  for  the  diftribution 
of  the  waters.  In  Europe,  one  of  thefe  points 
is  Mont  Saint-Godard,  and  its  environs.  An- 
other point  is  the  country  fituated  between  the 
provinces  of  Belozera  and  Wologda  in  Mufcovy, 
from  which  many  rivers  defcend,  fome  into  the 
White  Sea,  fome  into  the  Black,  and  others  into 
the  Cafpian.  In  Afia,  there  are  feveral  points  of 
partition,  as  the  country  of  the  Mogul  Tartars* 
fome  of  whofe  rivers  run  into  the  fea  of  Nova 
Zembla,  others  into  the  gulf  of  Linchidolin* 
others  into  the  fea  of  Corea,  and  others  into  that 
of  China;  and  the  Lefler  Thibet,  the  rivers  of 
which  run  into  the  Ghinefe  fea*  into  the  gulf  of 
Bengal,  the  gulf  of  Cambaia,  and  the  Lake  Aral. 
The  province  of  Quito,  in  . America,  difcharges 
its  rivers  into  the  fouth  and  north  feas,  and  into 
the  gulf  of  Mexico. 

In  the  Old  Continent,  there  are  about  4 30 
rivers  which  dire&ly  fall  either  into  the  Ocean, 
or  into  the  Mediterranean  and  Black  Seas,  But, 
in  the  New  Continent,  we  know  of  only  135 
rivers  which  fall  immediately  into  the  fea.  In 
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this  number  I have  reckoned  none  which  aré 
not  as  large  as  the  river  Somme  in  Picardy. 

All  thefe  rivers  tranfport*  from  the  countries 
through  which  they  pafs,  into  the  fea,  great 
quantities  of  mineral  and  faline  particles.  The 
particles  of  fait,  which  dilfolve  in  water,  are  eafily 
carried  down  to  the  fea.  Several  philofophers,  and 
particularly  Halley*  have  alledged,  that,  the  falt- 
nefs  of  the  fea  proceeds  alone  from  the  particles 
of  fait  tranfported  by  the  rivers  : Others  main- 
tain, that  this  faltnefs  was  coeval  with  the  fea 
itfelf,  and  that  the  fait  was  created  to  prevent 
the  waters  from  corrupting*  But  the  agitation 
of  the  fea  by  the  winds  and  the  tides  is,  I ima- 
gine, a caufe  equally  powerful  as  the  fait  in  pre* 
lerving  it  againfl  putrifa&ion  ; for*  when  bar- 
relled up,  it  corrupts  in  a few  days.  And  Boyle 
informs  us  of  a navigator  who  was  overtaken 
with  a calm  which  lafted  13  days,  and  who  af- 
lured  him,  that  the  water  became  fo  putrid,  that* 
if  the  calm  had  continued  much  longer*  the 
whole  crew  would  have  perifhed*.  Sea- water  is 
alfo  impregnated  with  a bituminous  oil,  which 
renders  it  both  unwholefome  and  difagreeable 
to  the  tafte.  The  quantity  of  fait  in  fea-water 
is  about  a fortieth  part,  and  it  is  nearly  of  an 
equal  faltnefs  at  the  furface  and  at  the  bottom* 
under  the  Line  and  at  the  Cape  of  Good  Hope; 
though  there  are  fome  particular  places,  as  off 
the  Mofambique  coaft,  where  it  is  more  fait  than 

• See  Boyle,  vol.  iii.  p.  222. 
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in  others*.  It  is  likewife  faid  to  be  lefs  fait 
within  the  Ar&ic  circle  : But  this  phænomenon 
may  proceed  from  the  immenfe  quantities  of 
fnow,  and  the  large  rivers  which  fall  into  thefe 
feas,  and  from  the  proportional  defeâ:  of  evapo- 
ration. 

However  this  matter  Hands,  I believe,  that 
the  faltnefs  of  the  ocean  is  not  only  occafioned 
by  the  many  banks  of  fait  at  the  bottom  of  the 
fea,  and  along  the  coafts,  but  likewife  by  the 
faits  continually  brought  down  by  the  rivers  % 
that  Halley  was  right  in  his  conje&ure  that 
there  was  originally  little  or  no  fait  in  the  fea, 
but  that  its  faltnefs  gradually  augmented  in  pro- 
portion as  fait  was  fupplied  by  the  rivers  ; that 
the  degree  of  faltnefs  is  perpetually  increafing  ; 
and,  confequently,  that,  by  computing  the  total 
quantity  of  fait  carried  down  by  the  rivers,  we 
might  be  enabled  to  difcover  the  real  age  of  the 
world.  Mr*  Boyle  affirms,  on  the  authority  of 
divers  and  pearl-fiffiers,  that  the  water  is  colder 
in  proportion  to  its  depth  ; and  that,  at  great 
depths,  the  cold  becomes  fo  exceffive  as  to  oblige 
them  to  come  up  much  fooner  than  ufual.  But 
the  weight  of  the  water  may  be  as  much  the 
caufe  of  their  uneafinefs  as  the  intenfenefs  of  the 
cold,  efpecially  when  they  defcend  300  or  400 
fathom.  Divers,  however,  feldom  go  deeper 
than  100  feet.  The  fame  author  relates,  that, 
in  a voyage  to  the  Eaft  Indies,  when  they  ar- 

* See  Boyle,  vol.  iii.  p,  217. 

S a 


rived 


OF  RIVERS. 

rived  at  the  35th  degree  of  fouth  latitude,  they 
founded  to  the  depth  of  400  fathoms,  and  when 
the  lead,  which  weighed  about  30  pounds,  was 
drawn  up,  it  had  become  as  cold  as  ice.  It  is 
likewife  a common  practice  at  fea  to  fink  the 
bottles  feveral  fathoms,  in  order  to  cool  their 
wine  ; and  it  is  faid,  that  the  deeper  the  bottles 
are  funk,  the  wine  becomes  the  cooler. 

Thefe  fads  would  lead  us  to  imagine,  that 
the  fea-water  was  falter  at  the  bottom  than  at 
the  furface*  But  they  are  oppofed  by  fads  of  a 
contrary  nature  : Experiments  have  been  made 
with  veffels  which  opened  only  at  a certain  depth, 
and  the  water  was  not  found  to  be  falter  than 
that  at  the  furface  : There  are  even  examples 
of  the  water  at  the  bottom  being  frefher  than  at 
the  furface:  This  phænomenon  is  exhibited  in 
all  thofe  places  where  fprings  arife  from  the  bot- 
tom of  the  fea,  as  near  Goa,  at  Ormus,  and  in 
the  fea  of  Naples,  in  which  there  are  many 
warm  fprings. 

In  other  places,  fulphureous  fprings  and  beds 
of  bitumen  have  been  difcovered  at  the  bottom 
of  the  fea  ; and,  upon  land,  there  are  numerous 
fprings  of  bitumen  which  run  into  the  fea.  At 
Barbadoes,  there  is  a fountain  of  bitumen  which 
runs  from  the  rocks  into  the  fea.  Bitumen  and 
fait,  then,  are  the  principal  ingredients  in  fea- 
water.  But  it  is  blended  with  many  other  fub- 
ftances  ; for  its  tafte  differs  considerably  in  dif- 
ferent parts  of  the  ocean  : Befides,  agitation  and 
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the  heat  of  the  fun  change  the  natural  tafte  of 
fea-water  ; and  the  different  colours  of  different 
feas,  and  even  of  the  fame  fea  at  different  times, 
prove  it  to  be  mixed  with  many  heterogeneous 
bodies,  which  are*  detached  either  from  the  bot- 
tom, or  carried  down  by  the  rivers. 

Moft  countries  that  are  furnifhed  with  large 
rivers  are  fubjeft  to  periodical  inundations;  and 
thofe  rivers  which  have  long  courfes  overflow 
with  the  greateft  regularity.  Every  body  has 
heard  of  the  inundations  of  the  Nile,  the  waters 
of  which,  though  fpread  over  a large  track  of 
country,  and  at  a great  diftance  from  the  fea, 
preferve  their  fweetneTs  and  transparency.  Strabo 
and  other  ancient  authors  tell  us,  that  the  Nile 
had  feven  mouths  ; but  now  only  two  which  are 
navigable  remain  : A third  canal,  indeed,  fup- 
plies  the  citterns  of  Alexandria;  and  there  is  a 
fourth,  which  is  {till  lefs  confiderable.  As  the 
cleaning  of  thefe  canals  has  long  been  neglected, 
they  are  moftly  in  ruins.  In  thefe  works  the 
ancients  employed  annually  a vaft  number  of 
workmen  and  foldiers,  who  carried  off  the  mud 
and  land  which  this  river  brings  down  in  great 
quantities.  The  overflowing  of  the  Nile  is  occa- 
sioned by  the  rains  which  fall  in  Ethiopia  : They 
begin  in  April,  and  end  net  till  September.  Dur- 
ing the  firft  three  months,  the  days  are  ferene 
and  beautiful  ; but  the  fun  no  fooner  fets,  than 
the  rains  begin,  continue  inceffantly  till  fun- 
rifiog,  and  are  commonly  accompanied  with 
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thunder  and  lightning.  The  inundation  in 
Egypt  begins  about  the  17th  of  June;  it  gene- 
rally takes  40  days  in  fwelling,  and  as  many  in 
fubfiding.  The  whole  flat  country  of  Egypt  is 
overflowed  : But  the  inundation  is  not  now  fo 
great  as  in  ancient  times;  for  Herodotus  affirms, 
that  the  Nile  fwelled  100  days,  and  required  an 
equal  time  to  fubfide.  If  this  fa be  true,  the 
difference  can  be  afcribed  to  no  other  caufes  but 
the  gradual  elevation  of  the  land  by  the  mud 
brought  down  and  depofited,  and  the  diminution 
in  the  height  of  the  mountains  from  which  this 
river  derives  its  fource.  It  is  natural  to  think, 
that  the  height  of  the  mountains  is  diminifhed; 
for  the  heavy  rains  that  fall  in  thefe  regions  dur- 
ing one  half  of  the  year,  bring  down  great 
quantities  of  fand  and  earth  from  the  tops  of 
the  mountains  into  the  valleys,  from  which  they 
are  tranfported  by  torrents  into  the  channel  of 
the  Nile,  and  are  partly  depofited  on  the  land  by 
the  inundations. 

The  Nile  is  not  the  only  river  that  has  regu- 
lar and  annual  overflowings  : The  Pegu,  which 
is  equally  regular  in  its  inundations,  has,  from 
this  circumftance,  got  the  name  of  the  Indian 
Nile . It  overflows  the  country  for  30  leagues 
beyond  its  banks,  and,  like  the  Nile,  leaves  great 
quantities  of  mud  and  flime,  which  enrich  the 
ground  fo  much,  that  it  produces  excellent  paf- 
ture  for  cattle,  and  enables  the  inhabitants  to 
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export  rice*.  The  Niger,  or,  which  is  the  fame 
thing,  the  upper  part  of  the  Senegal,  overflows 
and  covers  the  wrhole  flat  country  of  Nigritia. 
Its  inundations,  like  thofe  of  the  Nile,  begin  about 
the  middle  of  June,  and  increafe,  for  40  days. 
The  Plata,  in  Brafil,  overflows  annually,  and  at 
the  fame  time  with  the  Nile.  The  Ganges,  the 
Indus,  the  Euphrates,  and  fome  other  rivers, 
produce  annual  inundations.  But  all  rivers  are 
not  fubjed  to  periodic  inundations  : Thefe  pro- 
ceed from  a combination  of  caufes,  which,  at 
the  fame  time,  augment  the  quantity  of  water, 
and  diminish  its  velocity.  . 

We  formerly  remarked,  that  the  declivity  of 
rivers  gradually  diminifh  till  they  arrive  at  the 
fea.  But,  in  fome  places,  the  declivity  is  more 
fudden,  and  forms  what  is  called  a catara5ly 
which  is  nothing  more  than  an  unufually  rapid 
fall  of  the  water.  In  the  Rhine,  for  example, 
there  are  two  catarads,  one  at  Bilefeld,  and  the 
other  near  Schafhoufe.  The  Nile  has  feveral 
catarads:  Two  of  the  moil  remarkable  fall  from 
a great  height  between  two  mountains.  In  the 
Wologda,  in  Mufcovy,  there  are  alfo  two,  near 
Ladoga.  The  Zaire,  a river  in  Congo,  com- 
mences with  a large  catarad,  which  falls  from 
the  top  of  a mountain.  But  the  moft  celebrat- 
ed catarad  is  that  of  the  river  Niagara  in  Ca- 
nada : It  falls,  in  a prodigious  torrent,  156  feet 
of  perpendicular  height,  and  is  a fourth  part  of 
• See  Les  Voyages  d’Ovington,  tom.  ii,  p,  390, 
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a league  in  breadth.  The  vapour  of  the  water 
rifes  to  the  clouds,  is  feen  at  the  diftance  of  five 
leagues,  and,  when  the  fun  fhines  above  it,  ex^- 
hibits  a beautiful  rainbow.  Below  this  catarad, 
the  whirlpools  and  commotions  of  the  waters 
are  fo  tremendous,  as  to  render  navigation  im- 
praticable for  fix  miles;  and  immediately  above 
the  catarad,  the  river  is  much  narrower  than 
higher  up  Charlevoix  f defcribes  it  in  the 
fol  1 c wi n g manner; 

4 My  firft  care,  after  my  arrival,  was  to  vifit 
c the  noblefi:  cafcade,  perhaps,  in  the  world  ; but 

* I prefently  found  the  Idaron  delà  Hontan  had 

* committed  fuch  a miftake  with  refped  to  its 
4 height  and  figure,  as  to  create  a fufpicion  that 
4 he  had  never  feen  it.  If,  however,  you  mea- 
4 fure  its  height  by  that  of  the  three  mountains 
4 you  are  obliged  to  climb  to  get  at  it,  it  does 
4 not  fail  much  fhort  of  what  the  map  of  M, 
4 Deflifle  makes  it,  that  is,  6oo  feet.  He  has 
4 probably  adopted  this  paradox,  either  on  the 
4 faith  of  the  Baron  de  la  Hontan,  or  of  Father 
4 Hennepin.  But,  after  I arrived  at  the  fummit 
$ of  the  third  mountain,  I obferved,  that,  in  the 
4 fpace  of  three  leagues,  which  I had  to  walk 
4 before  I came  to  this  piece  of  water,  though 

* you  are  fometimes  obliged  to  afcend,  you  muft 
$ yet  defcend  full  more;  a circumftance  to  which 
f travellers  feem  not  to  have  fufficiently  attend- 
4 ed.  As  it  is  impoffible  to  approach  it  but  on 

♦ See  Phil.  Tranf.  Abridg.  vol.  vi.  part  ii.  p.  119. 
f Tom.  iii.p.  353. 
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6 one  fide,  and  confequently  to  fee  it,  except  in 
4 profile,  it  is  no  eafy  matter  to  meafure  its 
4 height  with  inftruments.  It  has,  however, 
6 been  attempted  by  means  of  a pole  tied  to  a 
4 long  line,  and,  after  many  trials,  it  has  been 
4 found  to  be  only  115,  or  120  feet  high.  But 
4 it  is  importable  to  be  fure  that  the  pole  has  not 
4 been  ftopt  by  fome  projecting  rock  ; for, 
4 though  it  was  always  drawn  up  wet,  as  well 
4 as  the  end  of  the  line  to  which  it  was  tied, 
4 this  circumftance  proves  nothing,  as  the  water 
4 which  precipitates  itfelf  from  the  mountain, 
4 rifes  very  high  in  foam.  For  my  own  part, 
4 after  having  examined  it  on  all  fides,  where  it 
4 could  be  viewed  to  the  greateft  advantage,  I 
4 am  inclined  to  think  that  we  cannot  allow  it 
4 to  be  lefs  than  a hundred  and  forty  or  fifty 
4 feet  high. 

4 As  to  its  figure,  it  refembles  that  of  a horfe- 
4 fhoe,  and  is  about  400  paces  in  circumference. 
4 It  is  divided  into  two,  exa&ly  in  the  middle, 
4 by  a very  narrow  ifland,  half  a quarter  of  a 
4 league  long.  It  is  true,  thefe  two  parts  very 
4 foon  unite  ; that  on  my  fide,  and  which  I 
4 could  have  a fide  view  of  only,  has  fevetal 
4 branches  which  project  from  the  body  of  the 
4 cafcade,  but  that  which  I viewed  in  front,  ap- 
4 peared  to  me  quite  entire.  The  Baron  de  la 
4 Hontan  mentions  a torrent,  coming  from  the 
4 weft,  which,  if  this  author  has  not  invented  it, 
4 muft  certainly  fall  through  fome  channel  dur-. 
4 ing  the  melting  of  the  fnows  only.’ 
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Three  leagues  from  Albany,  in  the  province 
of  New  York,  there  is  a cataradl  of  50  feet  per- 
pendicular height,  the  vapour  of  which  likewife 
gives  rife  to  a rainbow 

In  every  country  where  the  number  of  men 
is  too  inconfiderable  for  forming  and  fupporting 
poliffied  focieties,  the  furface  of  the  earth  is 
more  unequal  and  rugged,  and  the  channels  of 
rivers  are  more  extended,  irregular,  and  often 
interrupted  by  cataracts.  The  Rhone  and  the 
Loire  would  require  the  operation  of  feveral 
ages  before  they  became  navigable.  It  is  by 
confining  and  directing  the  waters,  and  clearing 
the  bottoms  of  rivers,  that  they  acquire  a fixed 
and  determinate  courfe.  In  thinly  inhabited 
regions,  nature  is  always  rude,  and  fometimes 
deformed. 

Some  rivers  lofe  themfelves  in  the  fands,  and 
others  feem  to  precipitate  into  the  bowels  of  the 
earth.  The  Guadalquiver  in  Spain,  the  river  of 
Gottenburg  in  Sweden,  and  even  the  Rhine, 
difappear  under  ground.  It  is  affirmed,  that,  in 
the  weft  part  of  the  Ifland  of  St.  Domingo,  there 
is  a pretty  high  mountain,  at  the  foot  of  which 
are  feveral  large  caverns  that  receive  the  rivers 
and  brooks  ; and  the  noife  of  their  fall  is  heard 
at  the  diftance  of  feven  or  eight  leagues  f.  The 
number  of  rivers,  however,  which  difappear  in 
the  earth,  is  very  finally  and  they  feem  not  to 

* See  Phil.  Tranf.  Abridg.  vol.  vi.  part  ii.  p.  119. 
f See  Varen.  Geogr.  p.  43. 
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defcend  very  deep.  It  is  more  probable,  that, 
like  the  Rhine,  they  lofe  themfelves  by  dividing 
and  difperfmg  through  a large  furface  of  fand, 
which  is  very  common  with  thofe  fmall  rivers 
that  run  through  dry  and  fandy  ground,  of 
which  there  are  many  examples  in  Africa,  Per- 
fia,  Arabia,  &c. 

The  rivers  of  the  north  carry  down  to  the 
fea  prodigious  quantities  of  ice,  which,  by  accu- 
mulating, form  thofe  enormous  mafles,  fo  dan^ 
gerous  to  the  mariner.  The  ftraits  of  Waigat, 
which  is  frozen  during  the  greateft  part  of  the 
year,  is  moll  remarkable  for  thefe  mafles  of  ice, 
that  are  conftantly  brought  into  the  ftraits  by 
the  river  Oby.  They  attach  themfelves  all  along 
the  coafts,  and  rife  to  great  heights.  The 
middle  of  the  ftrait  freezes  laft,  and  the  ice,  of 
jcourfe,  does  not  rife  fo  high  as  on  each  fide. 
When  the  north  wind  ceafes,  and  it  blows  in  the 
direction  of  the  ftraits,  the  ice  begins  to  melt  and 
to  break  in  the  middle  ; then  large  mafles  are 
detached  and  tranfported  into  the  open  fea. 
The  wind,  which  blows  during  the  whole  win- 
ter from  the  north,  over  the  frozen  country  of 
Nova  Zembla,  renders  the  regions  watered  by 
the  Oby,  and  all  Siberia,  fo  cold,  that,  at  Tobol- 
fki,  in  the  57th  degree,  there  are  no  fruit  trees, 
though  at  Stockholm  in  Sweden,  and  even  in 
higher  latitudes,  they  have  fruit  trees  and  legu- 
minous plants.  This  difference  proceeds  not, 

has  been  imagined,  from  the  fea  of  Lapland 

being 
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being  colder  than  that  of  the  ftraits,  nor  from 
the  country  of  Nova  Zembla  being  colder  than 
that  of  Lapland,  but  from  this  circumftance 
alone,  that  the  Baltic  and  the  fea  of  Bothnia  fof- 
ten  the  rigour  of  the  north  wind;  whereas,  in 
Siberia,  there  is  nothing  to  check  its  a&ivity. 
This  folution  is  a refult  of  experience.  The  cold 
is  never  fo  intenfe  near  the  fea-coafts  as  in  the 
interior  parts  of  a country.  There  are  plants 
which  endure  the  open  air  all  winter  at  London, 
which  cannot  be  preferved  at  Paris  : and  Sibe- 
ria, which  is  a vaft  continent,  is,  for  this  reafon, 
colder  than  Sweden,  which  is  almoft  furrounded 
with  the  fea. 

Spitzbergen  is  the  coldeft  country  in  the 
world  : It  runs  as  far  as  the  78th  degree  of 
north  Iatirude,  and  is  compofed  of  fmall,  pointed 
mountains.  Thefe  mountains  confift  of  gravel, 
and  of  flat  ftones,  like  gray  flate,  heaped  upon 
one  another.  According  to  the  accounts  of  voy- 
agers, thefe  hills  are  raifed  by  the  winds,  and 
new  ones  appear  every  feafon.  In  this  country 
no  quadrupeds  live  but  the  rein  deer,  which 
feeds  upon  mofs.  Beyond  thefe  hills,  and 
above  a league  from  the  fea,  the  mail  of  a fhip 
was  lately  found  with  a pully  fixed  to  one  end 
of  it;  from  which  circumftances,  it  has  been 
concluded,  that  this  is  a new  country,  and  that 
it  was  formerly  covered  with  the  fea  : It  is  un^ 
inhabited  and  uninhabitable  ; for  the  hills  have 
no  confidence,  but  are  loofe  and  moveable;  and 
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a vapour  proceeds  from  the  earth,  fo  cold  and 
penetrating,  as  to  preclude  the  poffibility  of  re- 
maining any  time  upon  this  dreary  and  inhof- 
pitable  land. 

The  whale-fifhing  veflels  arrive  at  Spitzber- 
gen  in  July,  and  depart  from  it  about  the  mid- 
dle of  Auguft.  The  ice  permits  them  not  to 
arrive  fooner,  or  to  remain  longer.  In  thefe 
feas  there  are  prodigious  boards  of  ice,  clear  and 
fhining  as  glafs,  and  from  60  to  80  fathoms 
thick;  and,  in  fome  places  the  fea  appears  to  be 
frozen  to  the  bottom 

The  feas  of  North  America  are  likewife  much 
infefted  with  ice,  as  in  Afcenfion-bay,  in  Hud- 
fon’s,  Cumberland’s,  Davis’s,  and  Frobifher’s 
ftraits,  &c.  We  are  allured  by  Robert  Lade, 
that  the  mountains  of  Friefland  are  entirely  co- 
vered with  lnow;  and  that  the  ice  furrounds  the 
coafts,  and,  like  a bulwark,  prevents  all  approach 
to  them.  4 It  is  remarkable,’  fays  he,  c that,  in 
4 this  fea,  we  meet  with  ifiands  of  ice,  more  than 
4 half  a league  in  circumference,  exceedingly 
4 high,  and  defcend  from  70  to  80  fathoms 
4 deep.  This  ice,  which  is  fweet,  is  perhaps 
4 originally  formed  in  the  rivers  or  ftraits  of  the 
4 adjacent  lands,  &c.  Thefe  iflands  or  moun- 
4 tains  of  ice  are  moveable,  and,  in  ftorms,  they* 
4 follow  the  tra£t  of  a fhip,  as  if  they  were 
4 drawn  after  her  by  a rope.  Some  of  them 

* See  recueil  des  voyages  du  Nord,  tom.  i.  p.  154. 
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4 rife  fo  high  above  water,  that  they  fufmoüht 
4 the  tops  of  the  tallefts  mafts*,!  &c. 

In  the  voyages  collected  for  the  ufe  of  the 
Dutch  Eaft  India  Company,  we  have  the  fol- 
lowing account  of  the  ice  off  Nova  Zembla  ; 
4 At  Cape  Trooft,  the  weather  was  fo  foggy,  as 
4 to  oblige  us  to  moor  our  veffel  to  a bank  of 
4 ice,  which  was  36  fathoms  below,  and  16 
4 above  the  furface  of  the  water.  On  the  10th 
4 of  Auguft,  the  ice  began  to  feparate,  and  to 
4 float;  we  then  remarked,  that  the  inafs  to 
4 which  our  veffel  had  been  moored,  touched 
4 the  bottom;  for,  though  the  others  were  all 
4 in  motion,  and  ftruck  againft  it,  and  againfl: 
4 each  other,  it  remained  immoveable.  We 
4 were  now  afraid  of  being  frozen  in,  or  dafiied 
4 to  pieces;  we,  therefore,  endeavoured  to  efcape 
4 from  this  latitude,  though  the  veffel,  in 
4 her  courfe,  was  obliged  to  pufh  through  the 
4 ice,  which  made  a great  noife  round  us  for 
4 a confiderable  diftance  : we  at  laft  anchored 
4 along  another  board  of  ice,  where  we  remain- 
4 ed  that  night. 

4 During  the  fir.ft  watch,  the  ice  began  to 
4 fplit,  with  an  inconceivable  noife.  The  fhip’s 
4 head  kept  fo  ftrongly  to  the  current  in  which 
4 the  ice-boards  floated,  that  we  were  obliged  to 
4 veer  the  cable  in  order  to  get  her  off.  We 
4 counted  above  400  blocks  of  ice,  which  fank 

* See  Lade’s  voyages. 
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t io  fathoms  below  the  water,  and  appeared  to 
4 rife  about  two  fathoms  above  it. 

4 We  then  moored  the  veffel  to  another  block 
4 of  ice,  which  was  immerfed  below  the  furface 
4 about  fix  fathoms.  At  a little  diftance  from 
4 this  Ration  we  perceived  a large  bank,  which 
4 was  pointed  like  a cone,  and  reached  to  the 
4 bottom  of  the  fea  : we  approached  it,  and 
4 found  it  to  be  20  fathoms  below,  and  about 
4 1 2 above  the  furface  of  the  water. 

4 On  the  î ith,  we  failed  up  to  another  bank, 

4 which  was  18  fathoms  below  the  furface,  and 
4 10  fathoms  above  it. 

4 The  Dutch,  on  the  21ft,  advanced  a great 
4 way  between  the  boards  of  ice,  and  anchored 
4 during  the  night.  Next  morning  they  retired, 

4 and  moored  to  a bank  which  was  18  fathoms 
4 below,  and  10  above  the  water.  They  climbed 
4 to  the  top,  and  remarked,  as  a finguîar  phæ- 
4 nomenon,  that  it  was  covered  with  earth,  and 
4 that  they  found  there  about  40  eggs.  Its  co~ 
4 lour  was  a fine  azure  blue,  and  totally  differ- 
4 ent  from  that  of  the  other  maffes.  This  cir- 
4 cumftance  gave  rife  to  various  {peculations  ; 

4 fome  imagining  it  to  be  an  effe£L  of  the  ice, 
4 and  others  thought  the  whole  was  a mafs  of 
4 frozen  earth*.’ 

Wafer  met  with  many  floating  pieces  of  ice, 
off  Terra  del  Fuego,  which  were  fo  large  that 

* See  Troifieme  voyage  des  Hollanders  par  le  Nord,  tom. 

u p.  46. 
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he  at  firft  imagined  them  to  be  iflands:  fome 
of  them,  he  remarks,  appeared  to  be  a league  or 
two  in  length,  and  the  largeft  of  them  feemed  to 
rife  400  or  500  feet  above  the  furface  of  the 
water. 

All  thefe  boards  of  ice,  as  I have  remarked  in 
the  6th  Article,  are  tranfported  from  the  rivers 
into  the  fea.  Thofe  in  the  fea  of  Nova  Zembla 
and  in  the  Straits  of  Waigat,  come  from  the 
Oby,  and,  perhaps,  from  the  Jenifca,  and 
other  great  rivers  in  Siberia  and  Tartary; 
thofe  of  the  Hudfon’s  Straits,  from  Afcen- 
lion-bay,  into  which  many  rivers  in  North  Ame- 
rica empty  themfelves  ; and  thofe  of  Terra 
del  Fuego,  from  the  fouthern  continent.  If 
fewer  of  them  appear  in  the  northern  coafts  of 
Lapland  than  in  thofe  of  Siberia  and  Waigat’s 
Straits,  it  is  becaufe  all  the  Lapland  rivers  fall 
into  the  gulf  of  Bothnia,  and  none  of  them  in- 
to the  north  fea.  They  may  likewife  be  formed 
in  ftraits,  where  the  tides  rife  higher  than  in  the 
open  fea;  and,  confequently,  where  the  boards 
of  ice  which  float  on  the  furface  may  accumulate 
and  produce  mafles  or  banks  of  feveral  fathoms 
high.  But,  with  regard  to  thofe  which  rile  to 
the  height  of  four  or  live  hundred  feet,  it  ap- 
pears, that  they  can  no  where  be  produced  but 
near  very  elevated  coafts;  and  I imagine,  that, 
when  the  fnows  which  cover  thefe  coafts  melt, 
the  water  runs  down  upon  the  boards  of  ice* 
and,  by  freezing  anew,  gradually  augments  their 
19  foe, 
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fize,  till  they  arrive  at  this  amazing  héight  ; 
that,  in  a warm  fummer,  the  adion  of  the  winds, 
the  agitation  of  the  fea,  and  perhaps  their  own 
weight,  may  detach  them  from  the  coafts,  and 
fet  them  adrift  ; and  that  they  may  even  be 
tranfported  into  temperate  climates  before  they 
are  entirely  dilfolved. 


VOL.  1. 


T 


PROOFS 


THEORY  of  the  EARTH. 


Of  Seas  and  Lakes . 

HE  dry  land  is  every  where  furrouncled 


by  the  ocean  \ it  penetrates,  fometimes  by 
large  openings,  and  fometimes  by  fmall  ftraits, 
into  the  interior  parts  of  different  countries,  and 
forms  mediterranean  feas,  fome  of  which  are 
affeâed  by  the  motion  of  the  tides,  and  others 
not.  We  fhall,  in  this  article,  trace  the  ocean 
through  all  its  windings  ; and,  at  the  fame  time., 
give  an  enumeration  of  the  mediterranean  feas, 
which  we  fhall  endeavour  to  diftinguifh  from 
what  are  called  bays  or  gulfs,  and  lakes. 

The  fea  that  wafhes  the  weftern  coafts  of 
France,  forms  a gulf  between  Spain  and  Brit- 
tany. This  gulf  is,  by  navigators,  called  the  Bay 
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taf  Bifcay:  It  is  very  open,  and  advances  far- 
theft  into  the  laqd  between  Bayonne  and  St.  Se- 
baftian.  It  likewife  advances  confiderably  at 
Rochelle  and  Rochefort.  This  bay  begins  at 
Cape  Ortegal,  and  terminates  at  Bred,  where  a 
lirait  commences  between  the  fouth  point  of 
Brittany  and  the  Lizard  Point.  This  lirait,  which 
is  at  firft  pretty  wide,  forms  a fmail  bay  on  the 
coaft  of  Normandy,  the  moll  advanced  point  of 
which  is  at  Auranche.  It  continues  pretty  large 
till  it  arrives  at  the  channel  of  Calais,  where  it 
is  very  narrow  ; it  then  fuddenly  enlarges,  and 
terminates  between  the  Texel  and  the  coaft  of 
Norwich  : At  the  Texel,  it  forms  a fmail  (hallow 
mediterranean  called  Zuiderfee , and  feveral  large 
gaps  or  advances,  the  waters  of  which  are  not  of 
a confiderable  depth. 

After  this,  the  ocean  forms  a large  bay  called 
the  German  Sea , which  commences  at  the  north- 
mo  ft  point  of  Scotland,  and  runs  along  the  eaft 
coaft  of  Britain  the  length  of  Norwich  ; and 
from  thence  to  the  Texel,  along  the  coafts  of 
Holland  and  Germany,  of  Jutland  and  Norway, 
as  far  as  Bergen.  This  bay  may  even  be  con- 
fidered  as  a mediterranean  ; for  the  Orkney 
iflands  nearly  (hut  up  its  mouth,  and  feem,  by 
their  direction,  to  be  a continuation  of  the  moun- 
tains of  Norway.  It  forms  a large  (Irait,  which 
commences  at  the  fouth  point  of  Norway,  and 
continues  pretty  broad  to  the  ifland  of  Zetland, 
where  it  fuddenly  contra&s,  and  forms,  between 
t 2 the 


agi  OF  SEAS  AND  LAKES. 

the  coafts  of  Sweden  and  the  iflands  of  Denmark 
and  Jutland,  four  ftnall  ftraits  ; after  which,  it 
widens  to  a fmall  bay,  the  mofl  advanced  point 
of  which  is  at  Lubec;  from  thence,  to  the  fouth 
extremity  of  Sweden,  it  continues  pretty  broad  ; 
then  it  enlarges  more  and  more,  and  forms  the 
Baltic,  which  is  a mediterranean  fea,  extending, 
from  fouth  to  north,  near  300  leagues,  if  the 
gulf  of  Bothnia,  which  is  a continuation  of  it, 
be  comprehended.  In  the  Baltic  are  two  bays, 
that  of  Livonia,  the  mofl  advanced  point  of 
which  is  near  Mittau  and  Riga,  and  that  of  Fin- 
land, which  is  a branch  of  the  Baltic,  extending 
between  Livonia  and  Finland  to  Peterfburgh, 
and  communicating  with  Lake  Ladoga,  and  even 
with  Lake  Onega,  which  joins  the  White  Sea  by 
means  of  the  river  Onega.  The  whole  body 
of  water  which  forms  the  Baltic,  the  gulfs  of 
Bothnia,  of  Finland,  and  of  Livonia,  ought  to 
be  regarded  as  an  imtnenfe  lake,  fupported  by  a 
great  number  of  rivers,  as  the  Oder,  the  Vifiula, 
the  Niemen,  the  Droine  in  Germany  and  Po- 
land ; by  other  rivers  in  Livonia  and  Finland, 
by  others  ftill  more  confiderable  which  come 
from  Lapland,  as  the  Tornea,  the  Calis,  the  Lu- 
la,, the  Pithea,  the  Uma;  and  by  feveral  from 
Sweden.  Thefe  rivers,  which,  in  general,  are 
large,  amount  to  more  than  40,  including  thofe 
which  fall  into  them,  and  cannot  fail  to  convey 
a quantity  of  water  fufficient  to  fupply  the  Baltic. 
Befides,  there  are  no  tides  in  the  Baltic,  and  its 

water 
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water  has  very  little  faltnefs  : And  if  the  folia- 
tion of  the  land,  and  the  number  of  lakes  and 
marfhes  in  Finland  and  Sweden,  which  are  con- 
tiguous to  the  Baltic,  be  taken  into  confideration, 
we  fhall  be  inclined  to  regard  it  not  as  a fea,  but 
as  a great  lake  formed  by  the  waters  which  it 
receives  from  the  adjacent  countries,  and  which 
have  forced  for  themfelves  a paflage  near  Den- 
mark into  the  ocean,  into  which,  according  to 
the  relation  of  voyagers,  it  hill  continues  to  run. 

From  the  commencement  of  the  bay  which 
goes  by  the  name  of  the  German  Sea,  and  which 
terminates  beyond  Bergen,  the  ocean  follows 
the  coafts  of  Norway,  Swedifh  Lapland,  North 
Lapland,  and  Mufcovite  Lapland,  at  the  eaftern 
part  of  which  it  forms  a large  ftrait,  and  gives 
rife  to  the  mediterranean  called  the  White  Sea, 
which  may  alfo  be  confidered  as  a great  lake  ; 
for  it  receives  twelve  or  thirteen  large  rivers, 
which  are  more  than  fufficient  to  fupply  it  with 
water;  and  its  water  contains  but  little  fait. 
Befides,  it  very  nearly,  in  feveral  places,  com- 
municates with  the  Baltic  ; and  it  has  an  evi- 
dent communication  with  the  gulf  of  Finland  ; 
for,  in  afeending  the  river  Onega,  we  arrive  at 
a lake  of  the  fame  name,  which  is  joined  by  two 
rivers  to  Lake  Ladoga  ; and  this  laft  communi- 
cates by  a large  branch  with  the  gulf  of  Finland  ; 
and  there  are,  in  Swedifh  Lapland,  feveral  places 
from  which  the  waters  run  almoft  indifferently 
either  into  the  White  Sea  or  into  the  gulfs  of 
T 3 Bothnia 
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Bothnia  and  of  Finland.  This  whole  country 
is  full  of  lakes  and  marlhes,  and,  therefore,  it 
feems  probable,  that  the  Baltic  and  White  Seas, 
were  the  receptacles  of  its  waters,  and  that,  in 
time,  they  difcharged  themfelves  into  the  Ger- 
man and  Frozen  Seas. 

On  leaving  the  White  Sea,  and  coafting  the 
ifland  of  Candenos,  and  the  north  of  Ruffia,  the 
ocean  advances  a fmall  arm  into  the  land  at  the 
mouth  of  the  river  Petzora.  This  arm,  which 
is  about  40  leagues  in  length,  by  8 or  10  in 
breadth,  may  rather  be  regarded  as  a collection 
of  water  formed  by  the  river,  than  as  a gulf  of 
the  fea  ; for  it  alfo  contains  very  little  • fait.  In 
this  place  the  land  runs  out  in  a promontory 
terminated  by  the  fmall  iflands  of  Maurice  and 
of  Orange  ; and  between  this  promontory  and 
the  neighbouring  land  to  the  fouth  of  Waigat’s, 
lirait,  there  is  a bay  of  about  30  leagues  long, 
which  belongs  to  the  ocean,  and  is  not  formed 
by  rivers.  This  is  fucceeded  by  Waigat’s  lirait, 
which  lies  nearly  under  the  70th  degree  of 
north  latitude;  it  is  not  above  8 or  10  leagues 
in  length,  and  it  communicates  with  the  fea 
which  wafhes  the  north  coafts  of  Siberia.  As 
this  lirait  is  blocked  up  with  ice  during  the 
greatell  part  of  the  year,  it  is  very  difficult  to 
penetrate  into  the  fea  beyond  it.  This  paffage 
has  been  tried  in  vain  by  many  navigators  ; and 
thofe  who  fucceeded  have  not  given  us  exaCt 
charts  of  the  fea,  which  they  call  the  Pacific. 

Sea0 
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Sea.  By  the  mo  ft  recent  charts,  and  by  the 
beft  globes,  it  appears,  that  this  fea  may  be  only 
a mediterranean,  having  no  connection  with  the 
great  fea  of  Tartary  ; for  it  feems  to  be  fhut  up 
and  bounded  to  the  fouth  by  the  country  of  the 
Samoides,  which  is  now  well  known,  and  which 
extends  from  the  Straits  of  Waigat  to  the  mouth 
of  the  river  Jenifca  : To  the  eaft,  it  is  bounded 
by  Jelmorland  ; to  the  weft  by  Noya  Zembla  ; 
and,  though  we  know  not  the  extent  of  this 
fea  to  the  north  and  north-eaft,  as  the  land  feems 
not  to  be  interrupted,  it  is  probable  that  the  Pa- 
cific Sea  is  only  a mediterranean  ; and  that  it  is 
bounded  by  land,  and  has  no  communication  on 
that  fide  with  the  ocean.  What  eftablifhes  this 
fa  (ft  is,  that,  in  departing  from  the  Straits  of 
Waigat,  the  whole  weft  and  north  coafts  of  No- 
va Zembla,  the  length  of  Cape  Defire,  have  been 
traverfed  ; that,  from  this  Cape,  the  coafts  of 
Nova  Zembla  have  been  traced  to  a final!  bay 
about  the  75th  degree,  where  fome  Dutchmen 
paffed  a dreadful  winter  in  T596;  and  that,  be- 
yond this  gulf,  the  land  of  Jelmorland  was 
difcovered  in  i66z|.,  which  isfeparated  from  Nova 
Zembla  only  by  a few  leagues  of  land  ; fo  that 
the  only  land  unknown  is  a fmall  fpot  near  this 
little  bay  juft  now  defcribed  ; and  this  fpot  ex- 
ceeds not,  perhaps,  30  leagues  in  length.  If, 
therefore,  the  Pacific  Sea  joins  with  the  eaftern 
ocean,  it  muft  be  by  means  of  this  fmall  bay, 
which  is  the  only  way  by  which  this  mediter- 
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ranean  can  have  any  communication  with  the 
eaftern  ocean.  And,  even  on  the  fuppofition 
that  fuch  a communication  exifted,  as  this  bay 
lies  in  the  75th  degree  of  latitude,  it  would  be 
neceflary,  to  gain  this  open  fea,  to  keep  five  de- 
grees farther  north.  It  is  apparent,  therefore, 
that,  in  attempting  a north  paflage  to  China,  it 
is  better  to  fail  beyond  Nova  Zembla  to  the  77th 
or  78th  degree,  where  the  fea  is  more  open  and 
clearer  of  ice,  than  to  perfift  in  paffing  the  fro- 
zen ftraits  of  Waigat,  when  it  is  even  uncertain 
whether  the  fea  beyond  them  has  any  commu- 
nication with  the  eaftern  ocean. 

The  coaft  has  been  traced  from  Nova  Zem- 
bla and  Jelmorland  to  the  mouth  of  the  Chotan- 
ga,  which  is  about  the  73d  degree  ; beyond 
which  an  unknown  coaft  extends  about  200 
leagues.  We  only  know,  from  the  Ruffians 
who  travelled  by  land  into  thefe  climates,  that 
the  country  is  not  interrupted  ; and,  in  their 
charts,  the  rivers  are  delineated,  and  they  called 
the  inhabitants  Populi  Palatu  This  interval  of 
unknown  coaft  extends  from  the  mouth  of  the 
Chotanga  to  that  of  Kauvoina,  in  the  66th  de- 
gree of  latitude.  The  bay  of  Linchidolin,  in 
which  the  Ruffians  fifh  whales,  advances  far- 
theft  into  the  land  at  the  mouth  of  the  Len, 
which  is  a confiderable  river.  This  bay  is  very 
open,  and  pertains  to  the  fea  of  Tartary. 

From  the  mouth  of  the  Len,  the  northern 
coaft  of  Tartary  runs  about  500  leagues  eaft- 
3 ward 
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ward  to  a peninfula  inhabited  by  a people  called 
Schelates.  It  is  the  moft  northern  point  of  Tar- 
tary, and  lies  under  the  73d  degree  of  latitude,, 
In  this  extent  of  500  leagues,  the  ocean  forms 
neither  bays  nor  arms  ; only  from  the  peninfula 
of  the  Schelates,  to  the  mouth  of  Korvinea, 
there  is  a confiderable  elbow  or  proje&ion.  This 
point  is  the  eaftern  extremity  of  the  north  coaft 
of  the  Old  Continent,  and  Cape  North  in  Lap- 
land  is  the  weftern  extremity.  Thus,  we  have 
of  northern  coaft  from  Cape  North  in  Lapland, 
to  the  extremity  of  the  country  of  the  Schelates, 
an  extent  of  1700  leagues,  including  the  finu- 
ofities  of  bays  ; and  it  meafures  about  1 1 00 
leagues  in  a ftraight  line. 

Let  us  next  take  a furvey  of  the  eaftern  coafts 
of  the  Ancient  Continent.  We  fhall  begin  at  the 
extreme  point  of  the  country  of  the  Schelates, 
and  defcend  towards  the  equator.  The  ocean 
firft  makes  a turn  between  the  country  of  the 
Schelates  and  that  of  the  Tfchutfchi,  which  laft 
projects,  confiderably  into  the  fea.  To  the  fouth 
of  this  country,  there  is  a fmall  open  bay,  called 
the  bay  of  SuCtoikret.  This  bay  is  fucceeded  by 
another,  which  advances,  like  an  arm,  about  40 
or  50  leagues  into  the  land  of  Kamtfchatka  ; 
after  which  the  ocean  flows  in,  by  a narrow 
lirait,  full  of  fmall  iflands,  between  the  fouthern 
point  of  Kamtfchatka  and  the  northern  point 
,pf  the  land  of  Jefio,  and  forms  a large  medi- 
terranean, which  we  fhall  now  defcribe  in  de- 
tail. 
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tail.  It  confifts  of  the  fea  of  Kamtfchatka,  in 
which  there  is  a confiderable  ifland,  called 
the  ifland  of  Amour . An  arm  of  this  fea 
runs  north-eaft.  But,  both  this  arm  and  the 
fea  of  Kamtfchatka  may,  at  leaft  in  part,  be 
formed  by  the  rivers  which  flow  into  it  from 
the  lands  of  Kamtfchatka,  and  thofe  of  Tartary. 
However  this  matter  ftands,  the  fea  of  Kamt- 
fchatka communicates,  by  a very  long  lirait, 
with  the  fea  of  Corea,  which  is  another  part  of 
this  mediterranean  ; and  the  whole  together, 
extending  more  than  600  leagues  in  length,  is 
bounded,  on  the  weft  and  north,  by  the  lands  of 
Corea  arid  Tartary;  and,  on  the  eaft  and  fouth, 
by  thofe  of  Kamtfchatka,  Jeflb,  and  Japan, 
without  having  any  other  communication  with 
the  ocean  than  by  the  ftrait  between  Kamt- 
fchatka and  Jeflb;  for  it  is  uncertain  whe- 
ther the  communication  between  Japan  and 
the  land  of  Jeflb,  though  laid  down  in  fome 
charts,  has  a real  exiftence;  and,  even  fuppofing 
it  did  exift,  the  fea  of  Kamtfchatka  and  that  of 
Corea  would  ftill  be  regarded  as  forming  toge- 
ther a great  mediterranean,  feparated  on  all 
fides  from  the  ocean,  and  not  as  a bay  ; for  it 
communicates  not  with  the  ocean  by  its  fouthern 
ftrait,  but  with  the  Chinefe  Sea,  which  is  rather 
a mediterranean  than  a bay. 

I11  the  preceding  article,  it  was  remarked,  that 
the  fea  had  a confiant  motion  from  eaft  to  weft; 
and  that,  confequently,  the  great  Pacific  Ocean 
• is 
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is  making  continual  efforts  againft  the  eaftern 
coafts.  An  accurate  examination  of  the  globe 
will  confirm  the  conclufions  we  have,  drawn 
from  this  obfervation  ; for  it  appears,  that 
from  Kamtfchatka  to  New  Britain,  difcovered 
by  Dampier  in  1 700,  and  which  lies  in  the  4th 
or  5th  degree  of  fouth  latitude,  the  ocean  has 
encroached  on  thefe  coafts  to  the  extent  of  400 
leagues;  and,  of  courfe,  that  the  eaftern  bounds 
of  the  Old  Continent  ftretch  not  fo  far  as  they 
did  formerly  ; for,  it  is  remarkable,  that  New 
Britain  and  Kamtfchatka,  which  are  the  moft 
advanced  lands  to  the  eaft,  lie  under  the  fame 
meridian.  Befides,  all  countries  extend  fartheft 
from  north  to  fouth.  Kamtfchatka  makes  a 
points  of  about  160  leagues  from  north  to  fouth, 
and  this  point,  the  eaftern  coaft  of  which  is 
wafhed  by  the  Pacific  Ocean,  and  the  other  by 
the  mediterranean  above  defcribed,  is  divided 
from  north  to  fouth  by  a chain  of  mountains. 
The  lands  of  Japan  and  of  Jefto  form  another 
territory  between  the  ocean  and  the  fea  of  Co- 
rea, extending  from  north  to  fouth  more  than 
400  leagues;  and  the  direction  of  the  chains  of 
mountains  in  Jeffo  and  Japan  muft  be  from 
north  to  fouth;  becaufe,  in  this  direction,  they 
extend  400  leagues;  but,  from  weft  to  eaft, 
they  exceed  not  50  or  60.  Thus,  Kamtfchatka, 
Jefto,  and  the  eaftern  part  of  Japan,  ought  to 
be  confidered  as  contiguous  lands,  lying  in  a 
direction  from  north  to  fouth  : and,  following 

the 
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the  fame  direction,  we  find,  after  the  point  of 
Cape  A va  in  Japan,  the  iiland  of  Barnevelt,  and 
three  other  ifiands,  fituated  in  a line  from  north 
to  fouth,  and  extending  about  ioo  leagues. 
We  next  meet  with  three  ifiands,  called  Calla- 
nos,  and,  after  thefe,  the  Ladrone  ifiands,  to  the 
number  of  14  or  15,  all  ftretched  in  a line 
from  north  to  fouth,  the  whole  occupying  a 
fpace  of  300  leagues  in  length  ; and  the  broad- 
eft  part  of  thefe  ifiands,  from  eaft  to  weft,  ex- 
ceeds not  8 leagues.  From  thefe  fa<fts,  I am 
led  to  conclude,  that  Kamtfchatka,  Jeflo,  the 
eaft  part  of  Japan,  the  ifiands  of  Barnevelt,  the 
Callanos,  and  the  Ladrones,  are  a continuation 
of  the  fame  chain  of  mountains,  and  the  remains 
of  an  ancient  country,  which  has  been  gra- 
dually corroded  and  covered  with  the  fea.  All 
thefe  countries  appear  to  be  nothing  but  moun- 
tains, of  which  the  ifiands  are  the  peaks  or 
points,  the  low-lands  being  occupied  by  the 
ocean.  Hence,  what  is  related  in  the  Lettres 
Edifiantes  muft  be  true;  and,  in  fa<ft,  a number 
of  ifiands,  called  the  New  Philippines,  has  been 
difcovered  in  the  very  fituation  in  which  P. 
Gobien  fuppofed  them  to  lie  : and  it  cannot 
be  doubted,  that  the  mod  eafterly  of  thefe  New 
Philippines  are  a continuation  of  the  chain  of 
mountains  which  compofe  the  Ladrones;  for 
thefe  eaftern  ifiands,  to  the  number  of  eleven, 
lie  in  a line  from  north  to  the  fouth,  extend- 
ing in  length  more  than  200  leagues;  and,  in 

breadth. 
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breadth,  the  largeft  of  them  exceeds  not  eight 
leagues. 

But  thefe  conjectures  may  feem  too  bold,  on 
account  of  the  great  diftances  between  the  illands 
in  the  neighbourhood  of  Cape  Ava,  of  Japan* 
and  of  the  Calîanos,  between  thefe  iflands  and 
the  Ladrones,  and  between  the  Ladrones  and  the 
New  Philippines,  the  firft  interval  being  about 
160  leagues,  the  fécond  50  or  60,  and  the  third 
near  120.  But  it  ought  to  be  confidered,  that 
chains  of  mountains  often  extend  much  farther 
below  the  wraters  of  the  ocean;  and  that  thefe 
intervals  are  nothing  when  compared  to  the  ex- 
tent of  land,  from  fouth  to  north,  in  thefe 
iflands  or  mountains,  which,  beginning  at  the 
interior  part  of  Kamtfchatka,  is  more  than  1100 
leagues.  But,  though  this  idea  concerning  the 
quantity  of  land  gained  by  the  ocean  on  the 
eaftern  parts  of  the  Old  Continent,  and  the  con- 
tinuation of  the  mountains,  fliould  he  rejected* 
ftill  it  rauft  be  acknowledged,  that  Kamtfchatka, 
jeflo,  Japan,  the  iflands  of  Rois,  Formofa,  Vaif, 
Bafha,  Babuyane,  Lucca,  Mindano,  Gilolo,  &c. 
and,  laftly,  New  Guinea,  which  extends  to  New 
Britain,  and  is  fituated  under  the  fame  meridian 
as  Kamtfchatka,  form  a ftretch  of  country  of 
more  than  2200  leagues,  with  fmall  interrup- 
tions, the  greateft  of  which  exceeds  not,  per- 
haps, 20  leagues;  To  that  the  ocean  has  fcooped 
out  an  immenfe  bay  from  the  interior  parts  of 
the  eaftern  continent,  which  begins  at  Kamt- 
fchatka, 
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fchatka,  and  terminates  at  New  Britain.  This 
bay  is  interfperfed  with  numerous  iflands,  and 
has  all  the  appearances  of  being  gained  from 
the  land.  It  is,  therefore,  probable,  that  the 
ocean,  by  its  confiant  motion  from,  eaft  to  weft, 
has  gradually  gained  this  great  trad  of  country 
from  the  continent, 'and  has  formed  feveral  me- 
diterraneans, as  thofe  of  Kamtfchatka,  of  Corea, 
of  China,  and  perhaps  the  whole  Indian  Archi- 
pelago ; for  the  land  and  water  are  fo  blended 
together  in  this  region,  that  it  evidently  ap- 
pears to  have  been  a large  country  deftroyed  by 
inundations,  of  which  only  the  eminences  and 
mountainous  parts  are  now  to  be  feen,  the  lower 
grounds  being  entirely  concealed  under  the 
waters  of  the  ocean.  This  hypothefis  is  farther 
confirmed  by  the  ffiallownefs  of  the  fea,  and 
the  figures  of  the  innumerable  iflands,  which 
feem  to  be  nothing  but  the  tops  of  moun- 
tains. 

If  we  take  a more  particular  furvey  of  thefe 
feas,  we  fhall  find,  that  the  northern  part  of  the 
Chinefe  fea  forms  kfelf  into  a great  bay,  which 
begins  at  the  ifland  of  Fungma,  and  terminates 
at  the  frontiers  of  the  province  of  Pekin,  about 
50  leagues  from  this  capital  of  the  Chinefe  em- 
pire. The  moft  advanced  and  narroweft  part  of 
this  bay  is  called  the  gulf  of  Changi.  It  is  pro- 
bable that  this  gulf,  and  part  of  the  fea  of  Chi- 
na, are  encroachments  of  the  ocean,  and  that  the 
iflands  above  deferibed  are  the  moft  elevated 
8 parts 
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parts  of  the  ancient  country.  Farther  fouth  are 
the  bays  of  Tonquin  and  of  Siam,  in  the  neigh- 
bourhood of  which  is  the  peninfula  of  Malacca, 
confiding  of  a long  chain  of  mountains,  that  run 
from  north  to  fouth;  and  the  Andaman  iflands, 
which  form  another  chain  of  mountains,  in  the 
fame  direction,  feem  to  be  only  a continuation 
of  thofe  of  Sumatra. 

The  ocean  afterwards  forms  the  great  bay  of 
Bengal;  where  it  may  be  remarked,  that  the 
land  of  the  peninfula  of  Indus  makes  a concave 
curve,  towards  the  eaft,  nearly  refembling  the 
great  bay  of  the  eaftern  continent,  which  feems 
to  have  been  produced  by  the  fame  caufe,  name- 
ly, the  motion  of  the  fea  from  eaft  to  weft.  In 
this  peninfula  are  the  mountains  of  Gates,  which 
extend  from  north  to  fouth  ; and  the  ifland  of 
Ceylon  appears  to  have  been  feparated  from  this 
part  of  the  continent. 

The  Maldiva  iflands  are  only  another  chain  of 
mountains  ftretching  from  north  to  fouth. 
Then  follows  the  Arabian  gulf,  which  fends  off 
four  branches  or  arms;  the  two  large  ft  are  on 
the  weft  coafts,  and  the  two  fmalleft  on  the 
eaft.  The  firft  arm  on  the  eaft  coaft  is  the  bay 
of  Cambaia,  which  extends  not  above  50  or  60 
leagues;  but  it  receives  two  confiderable  rivers, 
the  Tapta  and  the  Baroche  or  Mehi.  The  fé- 
cond arm  or  bay  on  the  fame  coaft  is  remark- 
able for  the  rapidity  and  height  of  its  tides, 
which  alternately  advance  and  retreat  more  than 
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50  leagues*  Into  this  bay  fall  feveral  rivers,  as 
the  Indus,  the  Padar,  &c.  which  have  brought 
down  fand  and  mud  in  fuch  quantities  as  to  ele- 
vate the  bottom  of  the  bay*  and  reduce  it  nearly 
to  a perfeâ:  level.  It  is  owing  to  this  circum- 
ftance  that  the  tides  extend  to  fo  great  a diftance. 
The  firft  arm  on  the  weft  coaft  is  the  Perfic 
gulf,  which  advances  into  the  land  above  250 
leagues;  and  the  fécond  is  the  Red  Sea*  which, 
reckoning  from  the  ifland  of  Soeotora,  extends 
above  680  leagues.  From  the  ftraits  of  Ormuz 
and  of  Babelmandel,  thefe  two  arms  fhould  be 
confidered  as  mediterranean  feas  : they  are  both, 
indeed,  fubjefled  to  a flux  and  reflux;  but  this 
eircumftance  is  occafioned  by  their  vicinity  to 
the  equator,  where  the  tides  rife  higher  than  in 
other  climates,  Befides,  they  are  both  very  long 
and  very  narrow.  The  motion  of  the  tides  is 
more  rapid  in  the  Red  Sea  than  in  the  Perfic 
gulf;  becaufe  the  former  is  nearly  three  times 
as  long,  and  equally  narrow,  as  the  latter;  nei* 
ther  does  it  receive  any  river  capable  of  refilling 
the  tide:  but  the  Perfic  gulf  receives  three  large 
rivers  at  its  moft  advanced  extremity.  It  is  ap- 
parent, that  the  Red  Sea  has  been  formed  by  an 
irruption  of  the  ocean  ; for  the  fituation  and 
fimilarity  in  the  direction  of  the  coafts  on  each 
fide  of  the  ftraits  of  Babelmandel  fhow,  that  this 
paflage  has  been  cut  by  the  waters. 

At  the  extremity  of  the  Red  Sea  lies  that  fa- 
mous ftrip  of  land  called  the  Ifthmus  of  Suez, 

which 
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which  is  a barrier  to  the  junction  of  the  Red 
Sea  with  the  Mediterranean.  In  the  preceding 
article,  I gave  the  reafons  which  render  it  pro- 
bable that  the  Red  Sea  is  higher  than  the  Me- 
diterranean, and  that,  if  the  Ifthmus  were  cut, 
an  inundation  and  increafe  of  the  latter  would 
be  the  confequence.  It  may  here  be  added, 
that,  though  the  fuperior  elevation  of  the  Red 
Sea  fhould  not  be  allowed,  yet  it  is  inconteftible, 
that  there  are  no  tides  in  the  Mediterranean  near 
the  mouths  of  the  Nile.  It  is  equally  certain, 
that  the  tides  in  the  Red  Sea  rife  feveral  feet  ; 
and  this  circumftance  alone,  on  the  fuppofition 
of  the  removal  of  the  Ifthmus,  would  occafion 
a great  influx  of  water  from  the  Red  Sea  into 
the  Mediterranean.  Befides,  Varenius,  in  his 
geography*,  remarks,  4 Oceanus  Germanicus, 
4 qui  eft  Atlantici  pars,  inter  Frifiam  et  Hollan- 
4 diam  fe  efifundens,  efKcit  fmum,  qui,  etfi  parvus 
4 fit  refpediu  celebrium  finuum  maris,  tamen  et 
4 ipfe  dicitur  mare,  allüitque  Hollandiæ  empo- 
4 rium  celeberrimum,  Amftelodaxnum.  Non 
4 procul  inde  abeft  lacus  Harlemenfis,  qui  etiam 
4 mare  Harlemenfe  dicitur.  Hujus  altitudo  non 
4 eft  minor  altitudine  frnus  iliius  Belgici,  quern 
4 diximus,  et  mittit  ramum  ad  urbem  Leidam, 
4 ubi  in  varias  foflfas  divaricatur.  Quoniam  it  a- 
4 que  nec  lacus  hie,  neque  finds  ille  Hollandici 
4 maris  inundant  adjacentes  agros,  (de  naturali 
4 conftitutione  loquor,  non  ubi  tempeftatibus 
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c urgentur,  propter  quas  aggeres  fadi  funt  ;)  pa- 
4 tet  ihde,  quod  non  fint  altiores  quam  agri  Hol- 
4 landiæ.  At  vero  Oceanum  Germanicum  efle 
c altiorem  quam  terras  hafce,  expert!  funt  Lei- 
4 denfes,  cum  fufcepilfent  foffam  feu  alveum  ex 
4 urbe  fua  ad  Oceani  Germanici  littora,  prope 
4 Cattorum  vicum  perducere,  (diftantia  eft  duo- 
4 rum  milliarium)  ut,  recepto  per  alveum  hunc 
4 mari,  poifent  navigationem  inftituere  in  Ocea- 
4 num  Germanicum,  et  hinc  in  varias  terræ  re- 
4 giones.  Verumenimvero,  cum  magnam  jam 
4 alvei  portam  perfeciffent,  defiftere  coadi  funt, 
4 quouiam  turn  demum  per  obfervationem  cog- 
4 nitum  eft,  Oceani  Germanici  aquam  elfe  altio- 
4 rem  quam  agrum  inter  Leidam  et  littus  Oce- 
i ani  iftius  : Unde  locus  ille,  ubi  fodere  defie- 
4 runt,  dicitur  Het  malle  Gat.  Oceanus  itaque 
4 Germanicus  eft  aliquantum  altior  quam  finus 
4 ille  Hollandicus,’  &c.  As  the  German  ocean, 
therefore,  is  higher  than  the  fea  of  Holland,  no- 
thing prevents  us  from  believing  that  the  Red  Sea 
may  be  higher  than  the  Mediterranean.  Hero- 
dotus and  Diodorus  Siculus  mention  a canal  of 
communication  between  the  Nile,  the  Mediter- 
ranean, and  the  Red  Sea  : And  M.  de  fille,  in 
1704,  publifhed  a map,  where  he  has  laid  down 
the  termination  of  a canal  in  the  eaft  branch  of 
the  Nile,  which  he  imagined  to  be  a part  of 
the  canal  which  formerly  joined  that  river  to 
the  Red  Sea*.  We  meet  with  the  lame  opinion 

* See  Mem.  dePAcad.  des  Sciences,  année  1704. 
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in  a book  entitled  Connoifdnce  de  V Ancien  Monde; 
where  the  author,  copying  Diodorus  Sicu- 
lus, informs  us,  that  this  canal  was  begun  by 
Neco  King  of  Egypt  ; that  Darius  King  of  Per- 
fia  continued  the  work  ; that  it  was  finifhed  by 
Ptolemy  II.  who  conducted  it  to  the  city  of 
Arfinoa  ; and  that  it  could  be  fhut  and  opened 
at  pleafure.  I pretend  not  to  deny  thefe  fa£ts  ; 
but,  I confefs,  they  appear  to  be  doubtful.  I 
fufpect,  that  the  violence  and  height  of  the  tides 
in  the  Red  Sea,  would  necefiarily  communicate^ 
their  influence  to  the  waters  of  the  canal  : At 
leaft,  it  would  require  great  precaution  to  pre- 
vent inundations,  and  to  keep  the  canal  in  pro- 
per repair.  Though  we  are  told  by  hiftorians 
that  this  canal  was  begun  and  finifhed,  they  are 
filent  as  to  its  duration  ; and  the  remains  of  it, 
which  are  pretended  ftill  to  exift,  are  perhaps 
the  only  parts  of  it  that  ever  were  executed. 
This  branch  of  the  ocean  has  been  denominat- 
ed the  Red  Sea , becaufe,  wherever  there  are 
madrepores  or  corals  at  the  bottom,  the  water 
of  it  has  the  appearance  of  being  red.  The  fol- 
lowing defcription  of  it  is  given  in  the  Hifloire 
Genera/e  des  Voyages*  : ‘ Before  leaving  the  Red 
Sea,  D.  Jean  inquired  into  the  caufes  which 
i induced  the  ancients  to  give  it  this  appellation  : 

4 He  recollected,  that  Pliny  had  delivered  feve- 
4 ral  opinions  concerning  the  origin  of  this 
* name.  Some  derived  it  from  a King  of  that 
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4 country  called  Erythros , which,  in  the  Greek 
* language,  fignifies  Red  : Others  imagined  that 
4 the  red  colour  was  occafioned  by  the  reflection 
c of  the  fun  from  the  furface  of  the  water  ; and 
‘ others  affirmed  that  the  water  itfelf  was 
c red.  The  Portuguefe,  who  had  made  feve- 
c ral  voyages  in  that  fea,  alledged,  that  the 
4 whole  coaft  of  Arabia  was  remarkably  red  ; 
4 and  that  the  duft  and  fand  carried  into  the  fea 
4 by  the  winds  tinged  the  water  with  the  fame 
4 colour. 

4 Dom  Jean,  who  examined  the  nature  of  the 
4 water  and  of  the  coafts,  through  their  whole 
4 extent,  with  the  mo  ft  fcrupulous  attention,  af- 
4 fures  us,  that  the  waters  of  this  fea  have  no 
4 pecularity  in  their  colour  ; and  that  the  dull 
4 and  fand,  not  being  red  themfelves,  could  not 
4 poffibly  communicate  this  colour  to  the  water, 
4 The  land  on  each  fide,  he  obferves,  is  gene- 
4 rally  brown  ; in  fome  places,  it  is  black,  and, 
4 in  others,  white  : At  Suaquem,  the  coafts  of 
4 which  the  Portuguefe  never  vifited,  there  are 
4 three  mountains  ftriped  with  red  ; but  they 
4 confift  of  hard  rocks,  and  the  neighbouring 
4 ground  is  of  the  ufual  colour. 

4 The  truth  is,  that  this  fea  is  all  of  the  fame 
4 uniform  colour,  of  which  any  man  may  fatif- 
4 fy  himfelf  by  drawing  water  from  different 
4 parts.  But,  it  muff  be  acknowledged,  that,  in 
4 fome  places,  it  appears,  by  accident,  to  be  red, 

4 and,  in  others,  green  and  white.  This  phæ- 
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4 nomenon  admits  of  the  following  explication. 

‘ From  Suaquem  to  Koffir,  which  is  an  extent  of 
4 136  leagues,  the  fea  is  filled  with  banks  and 
4 rocks  of  coral;  they  are  fo  called  from  their 
« refembling  coral  in  form  and  colour  fo  exact- 
4 ly,  that  it  is  difficult  to  perceive  the  diflin&ion: 

4 There  are  two  kinds  of  them,  the  one  is  white, 

4 and  the  other  extremely  red.  In  many  places, 

4 they  are  covered  with  a kind  of  gum,  or  vifcid 
4 fubftance  of  a green  colour,  and  fometimes  of 
4 a deep  orange.  Now,  the  water  of  this  fea  is 
4 fo  tranfparent,  that  the  bottom  is  vifible  at  the 
4 depth  of  twenty  fathoms,  efpecially  from 

* Suaquem  to  the  extremity  of  the  gulf;  and 
4 hence  the  water  affumes,  in  appearance,  the  co- 

* lour  of  the  bodies  which  it  covers.  When, 

4 for  example,  the  rocks  are  overlaid  with  a 
4 green  gum,  the  water  above  them  appears  to 
4 be  green  ; when  the  bottom  is  fand  alone,  the 
4 fuperincumbent  water  feems  to  be  white  ; and, 
f when  the  rocks  are  covered  with  coral,  the 
4 water  above  them  appears  to  be  reddiffi.  But, 

4 as  the  rocks  of  this  colour  are  more  frequent 
4 than  the  green  or  white,  Dom  Jean  concludes, 
4 that  the  Arabic  Gulf  has,  from  this  circum- 
4 fiance,  obtained  the  name  of  the  Red  Sea. 
4 He  wras  the  more  fatisfied  with  this  difcovery, 
4 becaufe  the  method  he  employed  in  the  inve- 
4 fligation  of  it  left  no  room  for  hefitation  or 
4 doubt.  In  fuch  places  as  were  not  deep 
4 enough  to  allow  his  veffel  to  fail,  he  faflened 
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4 pinks  oppofite  to  the  rocks  ; and  the  faiiors 
4 were  -enabled  to  execute  his  orders,  at  more 
4 than  half  a league  from  the  rocks,  without  be- 
4 ing  immerfed  above  the  middle  of  their  bodies. 

4 In  thofe  places  where  the  water  appeared  red, 
4 the  greateft  part  of  the  (tones  and  pebbles  they 
4 brought  up  were  of  the  fame  colour  ; where 
4 the  water  appeared  green,  the  Hones  were 
4 green  alfo;  and  where  the  water  appeared 
4 white,  the  bottom  was  a pure  white  fand.’ 

From  the  entrance  to  the  Red  Sea,  at  Cape 
Gardafu,  to  the  Cape  of  Good  Hope,  the  direc- 
tion of  the  coaft  is  pretty  equal,  and  the  fea 
forms  no  bay  of  any  note.  There  is,  indeed,  a 
fmall  fcoop  on  the  coaft  of  Melinda,  which,  if 
the  Illand  of  Madagafcar  were  united  to  the 
continent,  might  be  confidered  as  a part  of  a 
large  bay.  This  ifland,  it  is  true,  though  fepa- 
rated  by  the  ftraits  of  Mozambique,  appears  to 
have  formerly  belonged  to  the  continent  ; for, 
in  this  ftrait,  there  are  high  fands  of  great  ex- 
tent, efpecially  on  the  Madagafcar  coaft,  which 
render  the  open  part  of  it  very  narrow. 

From  the  Cape  of  Good  Hope  to  Cape 
Negro,  on  the  weft  coaft  of  Africa,  the  land  lies 
in  the  fame  direction  ; and  the  whole  of  it 
feems  to  be  a chain  of  mountains  : It  is,  at  leaft, 
a very  elevated  country,  and,  though  more  than 
500  leagues  in  length,  it  is  furnifhed  with 
no  rivers  pf  any  confideration,  except  one  or 
two,  which  are  known  no  farther  than  their 
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mouths.  But  the  coaft,  above  Cape  Negro, 
makes  a large  curve  ; and  the  land,  along  this 
curve,  appears  to  be  lower  than  that  of  the  r^ft 
of  Africa  : It  is  watered  by  feveral  great  rivers, 
the  largeft  of  which  are  the  Coanza  and  the 
Zaire.  From  Cape  Negro  to  Cape  Gonfalvez, 
are  the  mouths  of  24  confiderable  rivers  ; and 
the  fpace  between  thefe  two  capes,  reckoning 
along  the  fhore,  is  about  420  leagues.  We 
would  be  tempted  to  think,  that  the  ocean  has 
encroached  on  thefe  low  lands  of  Africa,  not  by 
its  natural  motion  from  eaft  to  wreft,  which  could 
have  no  influence  in  producing  this  effed,  but 
by  the  facility  with  which  it  might  have  under- 
, mined  and  furmounted  them.  From  Cape  Gon- 
falvez to  Cape  Trois-pointes,  the  ocean  forms 
an  open  bay,  which  prefents  nothing  remark- 
able, except  a very  advanced  point  nearly  in 
the  middle  of  it,  called  Cape  Formofa  : It  like- 
wife  contains,  in  the  fouthern  part  of  it,  the 
iflands  of  Fernandpo,  St.  Thomas,  and  Princes 
Ifland.  Thefe  iflands  appear  to  be  a continua- 
tion of  a chain  of  mountains  fituated  between 
Rie  del  Rey,  and  the  river  Jamoer.  From  Cape 
Trois-pointes  to  Cape  Palmas,  the  ocean  runs 
a little  in  upon  the  land  \ and  from  Cape 
Palmas  to  Cape  Tagrin,  there  is  nothing  worthy 
of  remark.  But,  beyond  Cape  Tagrin,  there 
is  a fmall  bay  in  the  country  of  Sierra-Leona  ; 
and  a little  farther,  there  is  another,  in  which 
are  fituated  the  iflands  of  Bifagas.  We  after- 
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wards  meet  with  Cape  Verd,  which  proje&s  far 
into  the  fea,  and  of  which  the  iflands  of  the  fame 
name  appear  to  be  a continuation  ; or,  rather, 
they  feem  to  be  a continuation  of  Cape  Blanc, 
which  is  a more  elevated  country,  and  ftretches 
fall  farther  into  the  ocean.  We  next  come  to 
a mountainous  and  dry  coaft,  which  commences 
at  Cape  Blanc,  and  terminates  at  Cape  Bajador  : 
The  Canary  iflands  feem  to  be  a continuation  of 
thefe  mountains.  Laftly,  between  Africa  and 
Portugal,  is  a large  open  bay,  in  the  middle  of 
which  are  the  celebrated  Straits  of  Gibraltar. 
The  ocean  pours  its  waters,  with  great  rapidity, 
through  this  (Irait  into  the  Mediterranean.  This 
fea  runs  into  the  interior  parts  of  the  land  near 
900  leagues,  and  gives  rife  to  many  objects 
worthy  of  remark.  1 y?,  It  has  no  percep- 
tible tides,  except  in  the  Gulf  of  Venice;  and 
a fmall  flux  and  reflux  have  been  alledged  to 
take  place  at  Marfeilles  and  on  the  coafl:  of  Tri- 
poli. 2 d.  It  contains  many  large  iflands,  as 
Sicily,  Sardinia,  Corfica,  Cyprus,  Majorca,  &c. 
and  Italy,  which  is  one  of  the  mod  extenfive 
peninfula’s  in  the  world  : It  is  likewdfe  adorned 
with  a rich  Archipelago,  or  rather,  it  is  from  the 
Mediterranean  Archipelago  that  all  other  collec- 
tions of  iflands  have  acquired  that  appellation. 
But  this  Archipelago  appears  to  belong  more 
properly  to  the  Black  Sea  than  to  the  Mediter- 
ranean ; and  it  is  probable,  that  the  country  of 
Greece  was  partly  covered  with  the  Black  Sea, 

which 
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which  runs  into  the  fea  of  Marmora,  and  from 
that  into  the  Mediterranean. 

It  has  been  alledged,  that  a double  current 
runs  through  the  Straits  of  Gibraltar  ; one  fupe- 
rior,  which  carries  the  waters  from  the  ocean  in- 
to the  Mediterranean,  and  another  inferior, 
which  carries  the  waters  from  the  Mediterra- 
nean back  to  the  ocean.  But  this  notion  is  falfe* 
and  contrary  to  the  known  laws  of  hydroftatics. 
Oppofite  currents  have  been  afcribed  to  fe- 
veral  other  ftraits,  as  the  Bofphorus,  the  ftraits 
of  Sunda,  &c.  ; and  Marfilli  has  related  many 
experiments  tending  to  prove  the  exiftence 
of  a fuperior  and  inferior  current  in  the  Bof- 
phorus.  Thefe  experiments,  however,  muft 
have  been  fallacious  ; for  fuch  a phænornenon 
is  repugnant  to  the  nature  and  motion  of  fluids. 
Befides,  Greaves,  in  his  Pyramidographie , has  de- 
mo nitrated  by  accurate  experiments,  that  there 
are  no  oppofite  currents  in  the  Bofphorus.  Mar- 
filli and  others  may  have  been  deceived  by  the 
regorging  of  the  water  near  the  fliores,  which 
takes  place  in  the  Bofphorus,  in  the  ftraits  of 
Gibraltar,  and  in  all  rapid  rivers,  and  which 
often  produces  a motion  oppofite  to  that  of  the 
principal  current. 

Let  us  now  briefly  run  over  the  coafts  of  the 
New  Continent.  We  fhall  begin  with  Cape 
Hold-with-hope,  which  is  fituated  in  the  73d 
degree  of  North  Latitude.  This  is  the  mo  ft 
northerly  point  of  land  in  New  Greenland,  and 
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Is  diftant  from  Cape  North  in  Lapland  about 
160  or  180  leagues.  From  this  cape  the  coaft 
of  Greenland  might  be  traced  to  the  polar  circle, 
where  the  ocean  forms  a large  fixait  between 
Iceland  and  Greenland.  Some  maintain,  that 
this  country  in  the  neighbourhood  of  Iceland  is 
not  the  Ancient  Greenland,  formerly  poflefied 
by  the  Danes  as  a dependent  province.  Its 
Inhabitants  were  civilized  Chriftians,  who  had 
bifhops,  churches,  and  a number  of  towns  pro- 
portioned to  their  trade.  The  Danes  had  a 
communication  with  them  as  eafy,  and  as  fre- 
quent, as  the  Spaniards  with  the  Canary  iflands: 
There  ftill  exiits,  it  is  faid,  laws  and  regula- 
tions with  regard  to  the  government  of  this 
province,  and  thefe  not  of  a very  ancient  date. 
However,  without  forming  any  conjectures  how 
this  country  came  to  be  abfolutely  loft,  we  find 
not  in  New  Greenland  the  leaft  vefiige  of  what 
is  here  related.  They  are  mere  favages  : They 
have  no  buildings  : There  is  not  a word  in  their 
language  that  has  the  fmalleft  affinity  to  the 
Danifh  tongue  ; and  there  is  not  a fingle  cir- 
cumftance  from  which  we  can  infer  it  to  be  the 
fame  country.  It  is  even  almoft  a defert,  and 
is  covered  with  fnow  and  ice  the  greateft  part 
of  the  year.  But,  as  thefe  lands  are  of  vaft  ex- 
tent, and,  as  the  coafts  have  been  little  frequent- 
ed by  modern  navigators,  they  may  have  miff- 
ed the  place  occupied  by  the  defcendants  of 
thefe  polifhed  people;  or  the  increafe  of  the  ice 
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in  this  fea  may  now,  perhaps,  prevent  all  accefs 
to  them.  If,  however,  maps  can  be  trufted,  the 
whole  coaft  of  this  country  is  known  : It  forms 
a large  peninfula,  at  the  extremity  of  which  are 
the  two  flxaits  of  Frobifher  and  of  Friefland, 
where  the  cold  is  exceffive,  although  they  are 
not  farther  north  than  the  Orkneys,  that  is, 
about  60  degrees. 

Between  the  weft  coaft  of  Greenland,  and 
that  of  Labrador,  the  ocean  forms  a gulf,  and 
then  a large  mediterranean,  which  is  the  coldeft 
of  all  feas,  and  its  coafts  are  little  known.  In 
purfuing  this  gulf,  we  meet  with  Davis’s  fixait, 
which  leads  to  the  Chriftian  fea,  which  laft  ter- 
minates in  Baffin’s  bay,  through  which  there  ap- 
pears to  be  an  outlet  into  Hudfon’s  bay.  The 
lirait  of  Cumberland,  which,  like  that  of  Davis, 
may  lead  into  the  Chriftian  fea,  is  more  narrow, 
and  morefubjedl  to  be  frozen.  Hudfon’s  fixait, 
though  much  farther  fouth,  is  alfo  frozen  for 
fome  part  of  the  year  : And  it  is  remarkable, 
that  the  tides  are  very  high  in  thofe  feas  and 
flxaits,  although  no  tides  take  place  in  the  inland 
feas  of  Europe,  as  the  Baltic  and  Mediterranean. 
This  difference  feems  to  be  occafioned  by  the 
motion  of  the  fea  from  eaft  to  weft,  which  pro- 
duces high  tides  in  flxaits  oppofite  to  the  current 
of  the  waters,  or  whofe  mouths  open  to  the  eaft. 
But,  in  thofe  of  Europe,  which  open  to  the 
weft,  there  are  no  tides.  The  ocean,  by  its  ge- 
neral movement,  rufhes  into  the  former,  but 
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flies  from  the  latter  ; and  this  is  the  reafon  why 
the  tides  are  fo  violent  in  the  feas  of  China, 
Corea,  and  Kamtfchatka. 

In  failing  down  Hudfon’s  bay  towards  La~ 
brador,  there  is  a narrow  opening,  30  leagues  of 
which  Davis  traverfed  in  1586,  and  traded 
with  the  inhabitants.  But  no  attempts  have 
hitherto  been  made  to  difcover  the  whole 
of  this  arm  of  the  fea.  We  know  nothing;  of 
the  neighbouring  country,  but  the  land  of  the 
Efquimaux.  Fort  Pon-chartrin  is  the  only  fet- 
tlement,  and  the  moil  northerly  part  of  this 
country  ; and  it  is  feparated  from  the  ifland  of 
Newfoundland  by  the  final!  fixait  of  Belleifle, 
which  is  little  frequented.  As  the  eaftern  coaft 
of  Newfoundland  has  the  fame  direction  with 
that  of  Labrador,  this  ifland  appears  to  have 
been  formerly  a part  of  the  continent,  in  the 
fame  manner  as  Ifle-royal  feems  to  have  been 
detached  from  Acadia.  The  bottoms  of  the 
great  bank,  and  of  the  lefler  banks  on  which  the 
cod-fifiiery  is  carried  on,  are  not  deep  ; but,  as 
they  (helve  a great  way  under  water,  they  pro- 
duce violent  currents.  Between  Cape  Breton 
and  Newfoundland,  there  is  a pretty  large  (trait, 
which  is  the  mouth  of  a frnall  mediterranean, 
called  the  Gulf  of  St.  Laurence.  It  fends  off  a 
branch,  which  extends  a confiderable  way  into 
the  country,  and  appears  to  be  only  the  mouth 
of  the  river  of  that  name.  In  this  arm  of  the 
lea  the  tides  are  very  perceptible  j and,  even  at 
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Quebec,  which  is  farther  up  the  country,  the 
waters  rife  federal  feet.  Leaving  the  gulf  of  St. 
Laurence,  and  following  the  coaft  of  Acadia,  we 
meet  with  a fmall  gulf  called  Bojlon-Bay , which 
is  of  a fquare  figure,  and  advances  a little  way 
only  into  the  land.  But,  before  we  purfue  this 
coaft  any  farther,  it  is  worthy  of  remark,  that, 
from  Newfoundland  to  Guiana,  the  ocean  forms 
an  immenfe  bay,  that  runs  in  upon  the  land  as 
far  as  Florida,  which  is  more  than  500  leagues* 
This  bay  is  fimilar  to  that  of  the  Old  Con- 
tinent above  defcribed,  where  the  ocean,  af- 
ter forming  a large  gulf  between  Kamtfchatka 
and  New  Britain,  gives  rife  to  a great  mediter- 
ranean, which  comprehends  the  fea  of  Kamt- 
fchatka, of  Corea,  of  China,  &c.  In  the  fame 
manner,  in  the  New  Continent,  the  ocean,  after 
forming  a large  gulf  between  Newfoundland 
and  Guiana,  gives  rife  to  a great  mediterranean*, 
extending  from  the  Antilles  to  Mexico  ; which 
confirms  what  we  have  advanced  concerning  the 
motion  of  the  fea  from  eaft  to  weft  : For  it  ap- 
pears that  the  ocean  has  gained  as  much  territo- 
ry on  the  eaft  coaft  of  America  as  on  the  eaft 
coaft  of  Afia.  Befides,  thefe  great  gulfs  in  each 
continent  lie  under  the  fame  degrees  of  latitude, 
and  are  nearly  of  equal  extent.  Such  Angular 
relations,  it  would  appear,  muft  have  been  pro- 
duced by  the  fame  caufe. 

If  we  examine  the  pofition  of  the  Antilles, 
beginning  with  the  ifland  of  Trinidad,  which  is 
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the  fouthmoft,  it  is  impoffible  to  doubt  but  that 
Trinidad,  Tobago,  the  Grandes,  St.  Vincent* 
Martinico,  Marygalante,  Antego,  Barbadoes, 
and  all  the  adjacent  ifles,  once  formed  a chain 
of  mountains,  which  extended  from  fouth  to 
north,  like  Newfoundland  and  the  country  of 
the  Efquimaux.  Farther,  the  dire&ion  of  the 
Antilles  from  eaft  to  weft,  if  we  begin  with  Bar- 
badoes, and  pafs  on  to  St.  Bartholomy,  Porto- 
Rico,  St.  Domingo,  and  Cuba,  is  nearly  the  fame 
with  the  coafts  of  Cape  Breton,  Acadia,  and 
New  England.  All  thefe  iflands  lie  fo  conti- 
guous, that  they  may  be  regarded  as  a continu- 
ed belt  of  land,  and  as  the  mod  elevated  parts 
of  a country  now  occupied  by  the  fea.  Moft  of 
them  are  nothing  but  the  tops  of  mountains; 
and  the  fea  between  them  and  the  continent  is 
a true  mediterranean,  in  which  the  tides  are  not 
much  more  perceptible  than  in  our  Mediterra- 
nean, although  the  ftraits  between  the  iflands 
are  dire&ly  oppofed  to  the  motion  of  the  fea 
from  eaft  to  weft,  which  fhould  contribute  to 
raife  the  tides  in  the  gulf  of  Mexico.  But,  as 
this  gulf  is  very  broad,  the  waters  elevated  by 
the  tide  when  expanded  over  a large  furface, 
hardly  produce  any  fenfible  change  upon  the 
coaft  of  Louifiana  and  feveral  other  places. 

Both  the  Old  and  New  Continents,  therefore, 
appear  to  have  been  encroached  upon  by  the 
ocean  in  the  fame  latitudes  : Both  are  furnifhed 
with  a great  mediterranean,  and  a vaft  number 
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of  ifiands,  which  likewife  lie  nearly  in  the  fame 
latitudes.  The  only  difference  is,  that  the  Old 
Continent,  being  much  larger  than  the  New,  has 
a mediterranean  on  its  weft  coaft,  to  which  the 
New  Continent  has  nothing  analogous.  But 
both  feem  to  have  undergone  fimilar  revolu- 
tions. Thefe  revolutions  are  greateft  near  their 
middle  parts,  or  between  the  tropics,  where 
the  motion  of  the  fea  is  moft  violent. 

The  coafts  of  Guiana,  from  the  mouth  of  the 
river  Oronoko  to  that  of  the  Amazons,  exhi- 
bit nothing  remarkable.  But  the  Amazons, 
which  is  the  largeft  river  in  the  univerfe,  forms 
a confiderable  fheet  of  water  near  Coropa,  be- 
fore it  difcharges  itfelf  into  the  fea  by  the  two 
mouths  which  furround  the  ifland  of  Caviana. 
From  the  mouth  of  the  Amazons  to  Cape  St. 
Roche,  the  river  runs  ahnoft  ftraight  eaft;  from. 
Cape  St.  Roche  to  Cape  St.  Auguftine  it  runs 
foutb,  and  from  Cape  St.  Auguftine  to  the  bay 
of  All  Saints,  it  runs  weftward  in  fuch  a manner 
that  this  part  of  Brafil  projects  confiderably  into- 
the  ocean,  which  is  direCtly  oppofite  to  a fimilar 
projection  of  the  African  coaft.  The  bay  of 
All  Saints  is  a fmall  arm  of  the  fea,  which  ad- 
vances about  50  leagues  into  the  land,  and  is 
much  frequented 'by  navigators.  From  this  bay 
to  Gape  St.  Thomas,  the  coaft  runs  ftraight  fouth, 
and  from  thence,  in  a fouth-weft  direction,  to 
the  mouth  of  the  Plata,  where  an  arm  of  the 
lea  projects  about  100  leagues  into  the  land. 
5 From 


320  .OF  SEAS  AND  LAKES. 

From  this  river,  to  the  fouthern  extremity  of 
America,  the  ocean  forms  a large  bay,  which  is 
terminated  by  Falkland  Ifland,  Cape  Aflumption, 
and  other  lands  bordering  on  Terra  del  Fuego. 
At  the  bottom  of  this  bay  is  the  lirait  of  Magel- 
lan, the  longeft  in  the  univerfe,  and  where  the 
tides  rife  very  high.  Beyond  this  is  the  lirait 
of  La  Maire,  which  is  much  fhorter  ; and,  lajlly^ 
Cape  Korn,  which  is  the  fouth  point,  of  Ame- 
rica. 

On  the  fubject  of  points  or  head-lands,  it  is 
remarkable,  that  they  all  regard  the  fouth,  and 
that  moll  of  them  are  cut  by  llraits  which  run 
from  call  to  well.  The  point  of  South  America 
regards  the  Arctic  Pole,  and  it  is  cut  by  the  lirait 
of  Magellan  : That  of  Greenland,  which  like- 
wife  has  a fouthern  afpedt,  is  cut  from  eaffc 
to  well  by  the  lirait  of  Frobilher  : That  of  Afri- 
ca regards  alfo  the  fouth,  and,  beyond  the  Cape 
of  Good  Hope,  are  banks  and  fhoals  which  ap- 
pear to  have  been  feparated  from  it  : That  of 
the  peninfula  of  India  is  cut  by  the  lirait  be- 
tween it  and  the  ifland  of  Ceylon  ; and,  like  all 
others,  projects  fouth  ward.  Thefe  are  fadts  ; 
but  we  are  unable  to  give  any  explication  of 
them. 

From  Terra  del  Fuego,  all  along  the  well  coall 
of  South  America,  the  ocean  makes  conliderable 
advances  into  the  land  ; and  this  coall  feems  to 
follow  exadtly  the  direction  of  the  high  moun- 
tains which  traverfe  this  part  of  the  continent 
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from  fouth  to  north,  from  the  Equator  to  the 
Arctic  Pole.  Near  the  Line,  the  ocean  forms  as 
large  bay,  extending  from  Cape  St.  Francois  to 
Panama,  that  famous  ifthmus,  which,  like  that 
of  Suez,  prevents  the  junction  of  the  two  feas. 
If  thefe  two  necks  of  land  were  removed,  both 
the  Old  and  the  New  Continent  would  be  di- 
vided into  two  diftind:  portions.  From  Panama 
to  California,  there  occurs  nothing  worthy  of 
remark.  Between  the  peninfula  of  California 
and  New  Mexico,  is  a long  arm  of  the  ocean, 
called  the  Vermilion  Seay  which  is  more  than  200 
leagues  long.  In  fine,  the  weft  coaft  of  Cali- 
fornia has  been  traced  to  the  4 3d  degree  of  lati- 
tude. It  was  in  this  latitude  that  Drake,  who 
firft  difcovered  the  land  to  the  north  of  Califor- 
nia, and  which  he  called  New  Albion , was 
obliged,  by  the  rigour  of  the  cold,  to  change  his 
courfe,  and  to  anchor  in  a fmall  bay  which 
bears  his  name  ; lb  that  the  countries  beyond 
the  43d  or  44th  degree,  in  this  part  of  the 
globe,  are  as  little  known  as  thofe  of  North 
America  beyond  the  48th  degree,  which  is  inha- 
bited by  the  Moozemleki,  and  the  çxft,  which 
is  inhabited  by  the  Affiniboils.  The  territory  of 
the  former  favages  extends  much  farther  w eft  than 
that  of  the  latter.  All  beyond,  for  1000  leagues 
in  length,  and  as  much  in  breadth,  is  totally 
unknown,  unlefs  the  Ruffians,  as  they  pretend, 
have  made  fome  difcoveries  by  departing  from 
vol.  1.  x Kamt« 
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Kamtfchatka,  and  vifiting  the  eaftern  coafts  of 
North  America. 

The  ocean,  then,  furrounds  the  whole  globe, 
without  interruption,  and  we  may  fail  round  it 
by  taking  our  departure  from  the  fouth  point 
of  America.  But  we  are  ftill  uncertain  whether 
the  ocean  furrounds,  in  the  fame  manner,  the 
north  part  of  the  globe  ; and  all  the  navigators, 
who  have  attempted  to  go  from  Europe  to  Chi- 
na by  the  north-eaft  or  north-weft,  have  equally 
failed  in  their  enterprifes. 

Lakes  differ  from  mediterraneans;  the  former 
derive  no  water  from  the  ocean  ; on  the  con- 
trary, when  they  communicate  with  feas,  they 
are  conftantly  difcharging  water  into  them. 
Thus  the  Black  Sea,  which  fome  geographers 
have  regarded  as  a branch  of  the  Mediterranean, 
and,  of  courfe,  as  an  appendage  of  the  ocean,  is 
only  a lake  ; becaufe,  in  place  of  receiving  any 
lupplies  from  the  Mediterranean,  its  waters  run 
with  rapidity  through  the  Bofphorus  into  the 
lake  called  the  Sea  of  Marmora,  and  from 
thence  through  the  ftraits  of  the  Dardanelles  in- 
to the  Grecian  Sea.  The  Black  Sea  is  about  250 
leagues  long,  and  100 broad:  It  receives  a num- 
ber of  large  rivers,  as  the  Danube,  the  Nieper, 
the  Don,  the  Boh,  the  Donjee,  &c.  The  Don, 
which  unites  with  the  Donjee,  before  it  arrives 
at  the  Black  Sea,  forms  a lake  called  the  Palm 
Meotis , which  is  more  than  100  leagues  in 
length,  and  from  20  to  25  in  breadth.  The  Sea 
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bf  Marmora,  which  is  below  the  Black  Sea,  is  a 
lake  fmaller  than  the  Palus  Meotis,  being  not 
above  50  leagues  long,  and  8 or  9 broad. 

It  is  related  by  fouie  of  the  ancients,  and  par- 
ticularly by  Diodorus  Siculus,  that  the  Euxine, 
or  Black  Sea,  was  originally  a great  river  or 
lake,  and  had  no  communication  with  the  Greek 
Sea;  but  that  its  waters  were,  in  the  courfe  of 
time,  fo  greatly  augmented  by  the  rivers  which 
fall  into  it,  that  they  forced  a paflage,  firft  by 
the  iflands  of  Cyanea,  and  then  by  the  Helle- 
fpont.  This  opinion  has  great  probability  on 
its  fide  ; and,  I think,  it  is  no  difficult  matter  to 
explain  how  the  operation  vras  efieded  : For, 
fuppofing  the  bottom,  of  the  Black  Sea  to  have 
been  formerly  much  lower  than  it  is  now,  the 
mud  and  fand  carried  down  by  the  rivers  would 
gradually  raife  it,  till  the  furface  of  the  water 
Was  elevated  above  that  of  the  land,  and  then 
the  water  would  neceffarily  find  a paflage  for 
itfelf:  and,  as  the  rivers  continue  (fill  to  trans- 
port fand  and  earth,  and  as,  at  the  fame  time, 
the  quantity  of  water  in  the  rivers  dimlnifhes  in 
proportion  as  the  mountains  from  which  they 
Spring  are  lowered,  it  may  happen,  in  the  courfe 
of  ages,  that  the  Bofphorus  will  again  be  filled 
up.  But,  as  effeds  of  this  nature  depend  on 
many  caufes,  we  muft  content  ourfelves  with 
fimple  conjedures.  Mr.  Tournefort,  on  the  au- 
thority of  the  ancients,  fays,  that  the  Black  Sea, 
which  receives  the  waters  of  a great  part  of  Eu» 

x 2 rope 


3 <24  OF  SEAS  AND  LAKES. 

rope  and  Afia,  after  being  confiderably  augment-» 
ed,  opened  to  itfelf  a paffage  by  the  Bofphorus, 
and  either  formed  the  Mediterranean,  or  in- 
ereafed  its  waters  to  fuch  a degree,  that  they 
forced  a paffage  to  the  ocean  through  the  ftraits 
of  Gibraltar;  and  that  the  ifland  of  Atalantis, 
mentioned  by  Plato,  was,  on  this  occafion,  total- 
ly overflowed.  This  notion  cannot  be  fupport- 
ed  ; for  the  ocean  runs  into  the  Mediterranean, 
and  not  the  Mediterranean  into  the  ocean.  Be- 
fides,  M.  Tournefort  has  not  combined  two  ef- 
fential  fads,  though  he  has  mentioned  both  of 
them.  The  firft  is,  that  the  Black  Sea  receives 
9 or  io  rivers,  each  of  which  furniflies  more 
water  than  is  difcharged  by  the  Bofphorus;  and 
the  fécond,  that  the  Mediterranean  does  not  re- 
ceive more  water  from  rivers  than  the  Black 
Sea,  though  it  be  feven  or  eight  times  larger; 
and  what  it  receives  from  the  Bofphorus  is  not 
the  tenth  part  of  what  falls  into  the  Black  Sea. 
How,  therefore,  could  this  tenth  part  of  the 
water  that  falls  into  a fmall  fea,  produce  not 
only  a larger  fea,  but  augment  its  waters  to  fuch 
a deeree  as  would  enable  it  to  break  down  the 
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ifth.mus  of  Gibraltar,  and  overwhelm  an  ifland 
of  greater  extent  than  the  whole  of  Europe? 

'It  is  eafy  to  perceive  that  M.  Tournefort  has 
not  fufficiently  confidered  this  matter.  The 
Mediterranean  derives  from  the  ocean  at  leaft 
ten  times  the  quantity  of  water  it  receives  from 
the  Black  Sea;  for  the  narroweft  part  of  the 
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Bofphorus  exceeds  not  800  paces,  while  that  of 
the  ftraits  of  Gibraltar  is  more  than  5000;  and 
fuppofing  the  velocities  of  both  to  be  equal,  ft  ill 
the  water  in  the  ftraits  of  Gibraltar  is  by  much 
the  deepeft. 

M.  Tournefort,  who  ridicules  Polybius  for 
predicting  that  the  Bofphorus  will  in  time  be 
filled  up,  has  not  attended  fufficiently  to  circum- 
ftances,  otherwife  he  would  not  have  pronounced 
the  impoffibility  of  fuch  an  event.  Muft  not 
the  Black  Sea,  which  conftantly  receives  the 
fand  and  mud  of  eight  or  ten  large  rivers,  gra- 
dually fill  up?  Muft  not  the  winds  and  the  na- 
tural current  of  the  waters  continually  tranfport 
part  of  thefe  matters  into  the  Bofphorus  ? It  is, 
therefore,  extremely  probable,  that,  in  the  courfe 
of  ages,  the  Bofphorus  will  be  choaked  up,  when 
the  quantity  of  water  difcharged  by  the  rivers 
into  the  Black  Sea  fhall  be  greatly  diminilhed. 
Now,  the  rivers  are  diminifhing  daily,  becaufe 
the  mountains,  which  colleCt  the  dews,  and  give 
rife  to  the  rivers,  are  continually  decreafing. 

The  Black  Sea  receives  more  water  from  ri- 
vers than  the  Mediterranean;  and  M.  Tourne- 
fort obferves,  on  this  fubjecf,  4 That  the  greateft 
4 rivers  in  Europe  fail  into  this  fea  by  means 
4 of  the  Danube,  into  which  are  difcharged  the 
4 rivers  of  Suabia,  Franconia,  Bavaria,  Auftria, 

4 Hungary,  Moravia,  Corinthia,  Croathia,  Both- 
4 nia,  Servia,  Tranfyl vania,  and  Wallachia:  the 
[ rivers  of  Black  Ruffia  and  of  Podolia  fall  like- 
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* wife  into  the  fame  fea  by  means  of  the  Niefterj 
c thofe  of  the  fouthern  and  eaftern  parts  of  Po- 
c land,  of  the  northern  part  of  Mufcovy,  and  of 

* the  country  of  the  Coffacks,  fall  into  it,  either 
4 by  the  Nieper  or  Borifthenes  ; the  Tanais  and 

* the  Copa  empty  themfelves  into  the  Black  Sea 
4 by  the  Cimmerian  Bofphorus;  the  rivers  of 

* Mingrelia,  the  principal  of  which  is  the  Fhafis, 
4 alfo  difcharge  their  contents  into  this  fea,  and 
4 likewife  the  Cafalmac,  theSangaris,  and  other 
4 rivers  of  Afia  Minor  which  take  a northern 
4 courfe:  but  the  difcharge  through  the  Thra- 
4 cian  Bofphorus,  which  is  the  only  outlet  from 
4 the  Black  Sea,  is  not  comparable  to  that  of 
4 any  one  of  thefe  great  pvers 

All  thefe  fads  demonftrate  the  great  quantity 
of  water  carried  off  by  evaporation  ; and  it  is 
owing  to  this  circumftance  that  the  ocean  con-^ 
ftantly  runs  into  the  Mediterranean  by  the  ftraits 
of  Gibraltar.  It  is  difficult  to  afcertain  the  quan- 
tity of  water  received  by  any  fea  ; it  requires  an 
exact  knowledge  of  the  breadth,  depth,  and  ve- 
locity of  all  the  rivers  that  fall  into  it,  of  their 
augmentation  and  diminution  in  different  fea- 
fons  of  the  year,  and  of  the  quantity  which  the 
fea  lofes  by  evaporation.  This  laft  is  the  moft 
difficult  to  determine;  for  fuppofmg  evapora- 
tion to  be  proportioned  to  the  furfaces,  it  will 
be  greater  in  a warm  than  in  a cold  climate, 
Befides,  water  mixed  with  fait  and  bitumen  eva-s 

* §ee  voyage  du  Levant  de  Tcurnefort,  vol.  ii.  p.  123. 
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porates  more  flowly  than  frefh  water  ; a fea  fub- 
je<ft  to  great  agitation  evaporates  more  quickly 
than  a calm  fea  ; and  a difference  in  the  depth 
lias  alfo  fome  effed.  In  fine,  fo  many  particu- 
lars are  included  in  the  theory  of  evaporation, 
that  it  is  not  poffible  to  make  an  exad  eftima- 
tion  of  its  quantity. 

The  water  of  the  Black  Sea  is  lefs  clear  and 
lefs  fait  than  that  of  the  ocean.  There  are  no 
iflands  in  it;  and  its  tempefts  are  more  violent 
and  more  dangerous  than  thofe  of  the  ocean  ; 
becaufe  its  waters,  being  extended  in  a bafm 
which  has  but  an  inconfiderable  outlet,  move, 
when  agitated  in  a kind  of  whirlpools,  which 
beat  upon  all  fid  es  of  a veffel  with  an  infup- 
portable  violence  *. 

After  the  Black  Sea,  the  greateft  lake  in  the 
world  is  the  Cafpian  Sea,  which  extends  from 
fouth  to  north  about  300  leagues,  and  its  mean 
breadth  exceeds  not  50.  This  lake  receives  the 
Wolga,  befides  feveral  other  confiderable  rivers, 
as  the  Kur,  the  Faie,  and  the  'Gempo.  But, 
what  is  fmgular,  it  receives  not  one  river  from, 
the  eaft  coaft;  the  country  on  that  fide  is  a fandy 
defert,  which  remained,  till  lately,  altogether 
unknown.  The  Czar  Peter  I.  fent  engineers  to 
make  a chart  of  the  Cafpian  Sea.  It  had  been 
reprefented  as  round  by  former  geographers; 
but  it  is  very  long  and  very  narrow.  Its  eaft- 
£rn  coaft,  and  the  neighbouring  country,  were 
* See  voyages  de  Chardin,  p.  i|2. 
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entirely  unknown;  even  Lake  Aral,  which  is 
about  ioo  leagues  eaft  of  the  Cafpian,  was  ei- 
ther not  known  to  exift,  or  was  confidered  as  a 
part  of  this  fea.  Thus,  before  the  difcoveries 
of  the  Czar,  there  was  in  this  region  an  un- 
known country  of  300  leagues  in  length,  and 
100  or  150  in  breadth.  Lake  Aral  is  nearly 
oblong,  and  about  90  or  100  leagues  long,  and 
50  or  60  broad.  It  receives  the  Sideroias  and 
the  Oxus,  tw^o  large  rivers  ; but,  like  the  Caf- 
pian, it  has  no  outlet  for  difcharging  its  waters; 
and,  as  the  Cafpian  receives  no  rivers  from  the 
eaft,  Lake  Aral,  on  the  contrary,  receives  none 
from  the  weft.  Hence,  it  is  prefumable,  that 
thefe  two  formerly  conftituted  but  one  lake; 
and  the  rivers  being  gradually  choaked  up,  the 
country  between  them  would  neceflarily  be  co- 
vered with  fand.  There  are  fome  fmall  iflands  in 
the  Cafpian;  and  its  waters  are  much  frelher  than 
thole  of  the  ocean.  Storms,  in  this  fea,  are  ex- 
ceedingly dangerous;  and  it  affords  not  navi- 
gation to  large  veflels,  on  account  of  fhoals, 
fand-banks,  and  rocks  concealed  under  the  lur- 
face.  4 The  largeft  veflels  employed  on  the 
« Cafpian,’  fays  Pietro  della  Valle*,  c along  the 
« coafts  of  the  province  of  Mazanda  in  Perfia, 
« where  Hands  the  town  of  Ferhabad,  although 
« they  be  called  flips,  are  no  better  than  our  tar- 
c tanes:  their  Tides  are  high  ; they  draw  little  wa- 
f ter,  and  are  flat-bottomed.  They  are  built  of  this 
f Tom.  iii.  p.  235, 


4 con •* 


OF  SEAS  AND  LAKES.  329 

* conftruftion,  not  only  becaufe  this  fea  is  fhal- 
4 low  near  the  coafts,  but  becaufe  it  is  full  of 
4 fhoals  and  fand-banks;  fo  that  no  other  veflels 
4 could  be  ufed  with  fafety.  I was  furprifed 
4 to  fee  no  fifliing  carried  on  at  Ferhabad,  ex- 
4 cept  falmons  at  the  mouth  of  the  river,  a 
4 bad  kind  of  fturgeon,  and  other  frefh  water 
4 fiflies  of  no  value.  I attributed  this  to  their 
4 ignorance  of  navigation  and  of  the  art  of  fiflv- 
4 ing,  till  I was  informed  by  the  Cham  of  Efter- 
4 abad,  that  this  fea,  at  the  diftance  of  20  or  30 
4 miles  from  the  fhore,  is  fo  fhallow,  that  nets 
4 could  not  be  ufed  with  advantage  ; and  that 
4 the  fame  reafon  accounted  for  the  conftru&ion 
4 of  their  veflels,  which  carry  no  cannon,  becaufe 
4 the  Cafpian  is  not  infefted  with  pirates.’ 

Struys,  Avril,  and  others,  affirm,  that,  in  the 
neighbourhood  of  Kilan,  there  are  two  gulfs, 
which  fwallow  up  the  waters  of  the  Cafpian,  and 
carry  them,  by  fubterraneous  paflages,  into  the 
Perfic  Gulf.  De  Fer,  and  other  geographers, 
have  laid  down  thefe  gulfs  in  their  maps, 
though  we  are  aflured  by  the  Czar’s  envoys, 
that  they  have  no  exiftence*.  The  faff,  with 
regard  to  the  willow  leaves  found  on  the  Perfic 
Gulf,  and  which  are  alledged  by  the  fame  au- 
thors to  be  tranfported  from  the  Cafpian  Sea, 
becaufe  no  willows  grow  near  the  Perfic  Gulf, 
appears  to  be  equally  improbable,  as  the  fubter- 
raneous paflages,  which  Gemelli  Careri,  as  well 
# See  Mem.  de  l’Acad.  des  Sciences,  année  1721. 
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as  the  Ruffians,  maintain  to  be  altogether  ima- 
ginary. Befides,  the  Cafpian  is  about  a third  lefs 
than  the  Black  Sea,  which  laft  alfo  receives  more 
water  by  rivers  -r  evaporation,  therefore,  is  alone 
fufficient  to  carry  off  all  its  adventitious  waters, 
without  the  affiftance  of  imaginary  gulfs,  or  fub- 
terraneous  paffages. 

There  are  lakes,  or  feas,  which  neither  re- 
ceive nor  difcharge  rivers  ; there  are  others 
which  both  receive  and  difcharge,  and  others 
which  only  receive.  The  Cafpian,  Lake  Aral, 
and  the  Dead  Sea,  are  of  the  laft  kind  : In 
Afia  Minor,  there  is  a fmall  lake  of  the  fame 
fpecies  : There  is  another  ftill  larger  in  Perfia, 
upon  which  the  city  of  Marago  is  fituated  : It  is 
of  an  oval  figure,  and  about  io  or  12  leagues 
long,  and  6 or  7 broad  : It  receives  the  Tauris, 
which  is  not  a very  confiderable  river.  If  to 
thefe  we  add  a fmall  lake  of  the  fame  nature  in 
Greece,  12  or  15  leagues  from  Lepanto,  we 
have  an  enumeration  of  all  the  known  lakes  in 
Afia  which  belong  to  this  fpecies.  In  Europe, 
there  is  not  a fingle  one  of  any  confideration. 
There  are  feveral  fmall  lakes  of  this  kind  in 
Africa,  as  thofe  which  receive  the  rivers  Ghir, 
Zez,  Touguedot,  and  Tafilet.  Thefe  four 
lakes  lie  at  no  great  diftance  from  one  another, 
and  are  fituated  on  the  frontiers  of  Barbary, 
near  the  defert  of  Zaara.  There  is  another  in 
the  province  of  Kovar,  which  receives  the  river 
that  runs  through  the  count  y of  Berdoa.  In 
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North  America,  which  abounds  with  lakes,  there 
are  none  of  this  kind,  except  two  fmali  col- 
ledions  of  water  formed  by  brooks,  the  one 
near  Guatimapo,  and  the  other  fome  leagues 
from  Realnuevo,  both  in  Mexico.  But  in  Peru 
there  are  two  contiguous  lakes,  one  of  which. 
Lake  Taticaca,  is  very  large,  and  receives  a river 
which  rifes  near  Cufco  ; but  it  gives  rife  to  no 
river.  There  is  a fmali  /lake  in  Tucuman,  which 
receives  the  river  Salta  ; another,  in  the  fame 
country,  of  greater  extent, receives  the  Santiago; 
and  three  or  four  between  Tucuman  and 
Chili. 

Thofe  lakes,  which  neither  receive  nor  give 
rife  to  any  river,  are  more  numerous  than  the 
kind  juft  mentioned.  They  are  a fpecies  of 
fwamps,  which  colled;  the  rain  water  ; or,  they 
may  originate  from  fubterraneous  waters  that 
iflue  ii\  the  form  of  fprings  in  low  grounds, 
from  which  there  is  no  fall  to  carry  them  ofE 
Thofe  rivers  that  overflow  may  alfo  leave  ftag- 
nating  waters  upon  the  land,  which  remain  a 
confiderable  time,  and  are  occafionally  recruited 
by  fuhfequent  inundations.  Salt  lakes  may 
fometimes  be  produced  by  inundations  from  the 
fea,  as  that  at  Harlem,  and  feveral  others,  in 
Holland,  to  which  no  other  origin  can  be  afcrib- 
ed.  The  fea,  likewife,  by  abandoning  certain 
lands,  may  have  left  lakes  in  the  low  grounds 
of  particular  countries,  and  which  continue  to 
be  maintained  by  the  rains.  Of  this  kind,  there 
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are  fmall  lakes  in  Europe,  as  in  Ireland,  in  Juts 
..land,  in  Italy,  in  the  country  of  the  Grifons, 
in  Poland,  in  Mufcovy,  in  Finland,  and  in 
Greece  : But  all  thefe  are  of  little  confideration. 
In  Afia,  near  the  Euphrates,  in  the  defert  of  Irac, 
there  is  one  above  15  leagues  long  ; another  in 
Perfia,  nearly  of  the  fame  extent,  upon  which 
are  fituated  the  towns  of  Kelat,  Tetuan,  Vaftan, 
and  Van  ; a fmall  one  in  Chorazan,  near  Fer- 
rior;  another  in  Independent  Tartary,  called 
Lake  Levi ; two  in  Mufcovite  Tartary;  one  in 
Cochinchina  ; and,  in  fine,  a pretty  large  one 
not  far  from  Nankin.  This  laft,  however, 
communicates  with  the  neighbouring  fea  by  a 
canal  of  confiderable  extent.  In  Africa,  there 
is  a fmall  lake  of  this  fpecies  in  the  kingdom  of 
Morocco  ; another  near  Alexandria,  which  ap- 
pears to  have  been  left  by  the  fea  ; another,  8 
or  10  leagues  long,  formed  by  the  rain-water, 
in  the  defert  of  Azarad,  about  the  30th  degree 
of  latitude  ; another,  Hill  larger,  upon  which  is 
fituated  the  town  of  Gaoga,  under  the  27th  de- 
gree ; another,  but  much  fmaller,  near  the  town 
of  Kanum,  under  the  30th  degree  ; one  near  the 
mouth  of  the  river  Gambia  ; feveral  others  in 
Congo,  about  the  2d  or  3d  degree  of  fouth  lati- 
tude ; two  others  in  the  country  of  the  Caffres  ; 
one  of  them,  called  Lake  Rufumbo , is  not  very 
extenfive  ; and  the  other,  which  lies  in  the  pro- 
vince of  Arbuta,  is  perhaps  the  largeft  of  this 
kind,  being  about  25  leagues  long,  and  7 or 

8 broad  ; 
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8 broad  : There  is  Iikewife  one  of  thefe  lakes 
near  the  eaft  coaft  of  Madagafcar,  about  the  29th 
degree  of  fouth  latitude. 

In  America,  there  is  one  of  thefe  lakes  fituat- 
ed  in  the  middle  of  the  peninfula  of  Florida, 
which  has  an  ifland  called  Serrope  in  its  centre. 
The  lake  near  the  town  of  Mexico,  which  is 
round,  and  about  10  leagues  in  diameter,  belongs 
Iikewife  to  this  fpecies.  There  is  another  ftill 
more  extenfive  in  New  Spain,  about  25  leagues 
from  the  eaftern  coaft  of  the  bay  of  Campeachy; 
and  another,  of  fmaller  dimenfions,  in  the  fame 
country,  near  the  coaft  of  the  South  Sea.  Some 
travellers  have  affirmed,  that,  in  the  interior 
parts  of  Guiana,  there  is  a very  large  lake  of 
this  fpecies,  which  they  call  Golden  Lake , or 
Lake  Parma  ; and  they  have  given  marvellous 
accounts  of  the  riches  of  the  neighbouring  coun- 
try, and  of  the  great  quantities  of  gold  duft 
found  in  this  lake,  which  they  alledge  to  be 
more  than  400  leagues  in  length,  and  above 
125  in  breadth  : No  river,  it  is  faid,  either  en- 
ters into  or  iffues  from  it.  Though  this  lake 
be  laid  down  in  feveral  maps,  its  exiftence  is  ftill 
problematical. 

But  the  mod  common  and  the  mod  extenfive 
lakes  are  thofe  which  both  receive  and  give  rife 
to  rivers  : As  they  are  exceedingly  numerous,  I 
fhall  only  mention  the  largeft,  or  the  moft  re- 
markable of  them.  Beginning  with  Europe, 
We  have,  in  Switzerland,  the  Lake  of  Geneva, 

that 
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that  of  Confiance,  &c.  In  Hungary,  Lake  Ba- 
laton, and  another,  of  equal  extent  in  Livonia, 
which  feparates  this  province  from  Ruffia;  Lake 
Lapwert  in  Finland,  which  is  very  long,  and 
divides  into  feveral  branches,  and  Lake  Oula, 
which  is  of  a circular  figure  : In  Mufcovy,  Lake 
Ladoga,  which  is  more  than  25  leagues  long, 
and  above  1 2 broad  ; Lake  Onega,  which  is 
equally  long,  but  not  fo  broad  ; Lake  Ilmen  ; 
Lake  Belozero,  which  is  one  of  the  fources  of  the 
Wolga  ; Lake  Iwan-Qfero,  which  is  one  of  the 
fources  of  the  Don  ; and  two  other  lakes,  from 
which  the  river  Vitzogda  derives  its  origin  : In 
Lapland,  the  lake  from  which  iffues  the  river 
Kimi  ; another,  much  larger,  and  fituated  near 
the  coafl  of  Wardhus  ; and  feveral  others  of 
lefs  note,  which  give  rife  to  the  rivers  Lula, 
Pitha,  and  Uma  : In  Norway,  two  lakes  nearly 
of  the  fame  dimenfions  with  thofe  of  Lapland  : 
In  Sweden,  Lake  Vener,  which  is  as  large  as 
Lake  Meller,  upon  which  Stockholm  is  fituated  5 
and  two  lefs  confiderable,  one  near  Elvedal,  and 
the  other  near  Lincopin. 

In  Siberia  and  in  Mufcovite  and  Independent 
Tartary,  there  are  a great  number  of  thefe  lakes, 
of  which  the  principal  are,  the  great  lake  Bara- 
ba,  which  is  more  than  100  leagues  long,  and 
the  waters  of  which  fall  into  the  Irtis  ; the  great 
lake  Eflraguel,  the  fource  of  the  Irtis  ; feveral 
leffer  ones,  the  fources  of  the  Jenifca  ; the  great 
lake  Kita,  the  fource  of  the  Ohy  ; another  great 
2 lake, 
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lake,  the  fource  of  the  Angara;  Lake  Baical, 
which  is  more  than  70  leagues  long,  and  is 
formed  by  the  river  Angara  ; and  Lake  Pehu, 
the  fource  of  the  Urack,  &c.  In  China  and 
Chinefe  Tartary,  we  have  Lake  Dalai,  the  fource 
of  the  great  river  Argus,  which  falls  into  the 
Amour  ; the  lake  of  the  Three  Mountains,  the 
fource  of  the  river  Helurn,  which  falls  likewife 
into  the  Amour  ; the  lakes  of  Cinhal,  Cokmor, 
and  Sorama,  the  fources  of  the  river  Hoamho  ; 
two  large  lakes  in  the  neighbourhood  of  Nankin, 
&c.  In  Tonquin  is  the  Guadag,  a lake  of  con- 
fiderable  magnitude.  In  India,  we  have  Lake 
Chia mat,  which  is  the  fource  of  the  river  La- 
quia,  and  lies  near  the  fources  of  the  A va,  the 
Longenu,  &c.  This  lake  is  more  than  50  leagues 
long,  and  about  40  broad.  The  fource  of  the 
Ganges  is  another  lake  ; and  one  near  Cafh- 
mire  gives  rife  to  the  Indus,  &c. 

In  Africa,  there  are.  Lake  Cayar,  and  two  or 
three  others,  near  the  mouth  of  the  Senegal  ; 
Lake  Guarda,  and  Lake  Sigifmus,  which,  toge- 
ther, make  a triangular  lake  of  100  leagues  long, 
and  75  broad,  and  contain  a confiderable  ifland. 
It  is  in  this  lake  that  the  Niger  lofes  its  name, 
and,  at  its  exit,  allumes  that  of  Senegal . In 
afcending  towards  the  courfe  of  this  river,  we 
meet  with  another  pretty  large  lake  called  Bour - 
non,  where  the  Niger  again  changes  its  name  ; 
for  the  river  that  falls  into  this  lake  is  called 
Comb  arm  At  the  fources  of  the  Nile  in  Ethio- 
pia, 
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pia,  is  the  great  lake  Gambia,  which  is  above 
50  leagues  long.  On  the  coaft  of  Guiney  are 
alfo  feveral  lakes,  which  appear  to  have  been 
originally  formed  by  thé  fea  ; and  there  are  few 
others  in  Africa  of  any  note. 

North  America  is  the  country  of  lakes.  The 
moil  extenfive  of  them  are,  Lake  Superior,  which 
is  about  125  leagues  long,  and  50  broad  ; Lake 
Huron,  which  is  near  100  leagues  in  length,  and 
about  40  in  breadth  ; Lake  Illionois,  which 
comprehending  the  bay  of  Puants,  is  nearly  as 
extenfive  as  Lake  Huron  ; Lake  Erie  and  Lake 
Ontario,  which,  together,  exceed  80  leagues  in 
length,  by  20  or  25  in  breadth  ; Lake  Miftafin, 
to  the  north  of  Quebec,  is  about  50  leagues  long; 
Lake  Champlain,  to  the  fouth  of  Quebec,  is 
nearly  of  equal  length  ; Lake  Alemipigon,  and 
Lake  Chriftinaux,  both  to  the  north  of  Lake 
Superior,  are  likewife  confiderable  ; the  Lake  of 
• Affiniboils  contains  feveral  iflands,  and  is 
more  than  75  leagues  long  : Befides  the  Mexi- 
con  Gulf,  there  are  two  confiderable  lakes  in 
that  country  ; that  called  Nicaragua,  in  the  pro- 
vince of  the  fame  name,  is  about  70  leagues  in 
length. 

Laftly,  in  South  America,  there  is  a fmall 
lake,  the  fource  of  the  Maragnon.  A more  ex^ 

- tenlive  one  gives  rife  to  the  river  Paraguay  : 
There  are,  befides  Lake  Titicares,  the  waters  of 
which  fall  into  the  river  Plata,  two  leffer  ones, 
which  difcharge  their  waters  into  the  fame  ri- 
ver; 
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ver  ; and  fome  inconfiderable  ones  in  the  inte- 
rior parts  of  Chili* 

All  lakes  that  give  rife  to  rivers,  and  all  thofe 
which  occur  in  the  courfe  of  rivers,  or  which 
border  upon  and  difcharge  their  waters  into  ri- 
vers, are  not  fait*  Almoft  all  thofe,  on  the  con- 
trary, which  receive  rivers,  but  give  rife  to  none, 
are  fait.  This  circumftance  feems  to  favour  the 
opinion,  that  the  faltnefs  of  the  fea  is  occafioned 
by  faits  brought  down  from  the  land  by  the 
rivers  ; for  we  find  fait  does  not  evaporate  ; and, 
of  courfe,  all  that  is  tranfported  by  the  rivers 
remains  in  the  fea  : Although  the  water  of  ri- 
vers appears  to  be  frefh,  it  is  well  known,  that 
it  contains  a fmall  quantity  of  fait,  which,  in  the 
courfe  of  ages,  might  accumulate  to  fuch  a de- 
gree as  would  be  fufficient  to  produce  the  pre- 
fent  faltnefs  of  the  fea,  which  muft  be  con- 
tinually augmenting.  It  is  in  this  manner,  I 
prefume,  that  the  Càfpian,  Lake  Aral,  and  the 
Black  Sea,  have  become  fait.  With  regard  to 
thofe  feas,  which,  like  marfhes,  or  fwamps,  nei- 
ther receive  nor  difcharge  rivers,  they  are  ei- 
ther fait  or  frefh  according  to  their  origin. 
Thofe  in  the  neighbourhood  of  the  fea  are  com- 
monly fait  ; and  thofe  at  a diftance  from  it  are 
frefh  ; becaufe  the  former  have  originated  from 
inundations  of  the  fea,  and  the  latter  from  frefh 
fountains. 

The  waters  of  the  Dead  Sea  contain  a great  deal 
of  the  bitumen  of  Judea,  which  is  nothing  but 
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afphaltes  ; and,  accordingly,  this  fea  is  often 
termed  the  Afphaltic  Lake . The  neighbouring 
land  is  impregnated  with  this  bitumen  : And 
many  have  imagined,  that,  like  the  Lake  Aver- 
nus,  no  fiflies  could  live  in  it,  and  that  birds 
were  fuffocated  in  attempting  to  fly  over  it.  But 
fuch  difmal  effe&s  are  produced  by  neither  of 
thefe  lakes;  for  both  of  them  contain  fifhes,  the 
birds  fly  over  them  in  fafety,  and  men  bathe  in 
them  with  impunity. 

It  is  faid,  that,  in  Bohemia,  there  is  a lake, 
which  has  holes  in  it  fo  deep,  that  they  cannot 
be  founded,  and  that,  from  thefe  holes,  there 
iflue  violent  winds  which  fweep  over  all  Bohe- 
mia, and,  in  winter,  raife  into  the  air  maffes  of 
ice  of  more  than  ioo  pounds  weight*.  We 
are  likewife  told  of  a petrifying  lake  in  Iceland  ; 
and  Lake  Neagh  in  Ireland  poflfefles  the  fame 
quality.  But  thefe  pétrifications  are,  doubtlefs, 
nothing  but  incruftations  fimilar  to  thofe  pro- 
duced by  the  waters  at  Arcueil. 


* Sec  Aft.  Leipf.  anno  1682,  p.  246. 
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ARTICLE  XII. 


A TER,  like  other  fluids,  naturally  de- 


fcends  from  the  higher  to  the  lower 
grounds,  if  not  prevented  by  fome  interpofed 
obftacle  ; and,  after  it  has  occupied  the  loweft 
fituation,  it  remains  fmooth  and  tranquil,  unlefs 
difturbed  by  fome  foreign  caufe.  All  the  wa- 
ters of  the  ocean  are  colleded  in  the  lowed 
places  upon  the  furface  of  the  earth  ; and  hence 
the  motions  of  the  fea  muft  proceed  from  ex- 
ternal caufes.  The  chief  motion  is  that  of 
the  tides,  which  rife  and  fall  alternately,  and 
from  which  refults  a general  and  perpetual  mo- 
tion, in  all  feas,  from  eaft  to  weft.  Thefe  two- 
motions  have  an  invariable  relation  to  the  mo- 
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tions  of  the  moon.  During  the  full  and  new 
moons,  this  motion  from  eaft  to  weft  is  moft  re- 
markable, as  well  as  that  of  the  tides,  which  ebb 
and  flow,  upon  moft  coafts,  every  64.  hours  : It 
is  always  high  tide  when  the  moon  arrives  at 
the  meridian,  either  above  or  below  the  horizon 
of  the  place  ; and  it  is  always  ebb  or  low  tide 
when  the  moon  is  at  the  greateft  diftance  from 
the  meridian,  or  when  it  rifes  and  fets.  The 
motion  from  eaft  to  weft  is  perpetual  ; becaufe, 
when  the  tide  is  rifing,  the  whole  ocean  moves 
from  eaft  to  weft,  and  pufhes  weftward  an  im- 
menfe  body  of  water  ; and  the  ebbing,  or  re- 
flux, appears  only  to  be  owing  to  the  fmaller 
quantity  of  water  which  is  then  impelled  to- 
wards the  weft.  The  flux,  therefore,  ought  ra- 
ther to  he  regarded  as  a fwelling,  and  the  reflux 
as  the  fubfiding  of  the  waters,  which,  in  place 
of  difturbing  the  motion  from  eaft  to  weft,  is 
the  caufe  that  produces  and  renders  it  perpetu- 
al ; though  this  motion,  for  the  reafon  already 
mentioned,  is  greater  during  the  flux  than  the 
reflux. 

This  motion  is  attended  with  the  following 
circumftances  : y?,  It  is  more  fenfible  at  the  full 
and  new  moon  than  at  the  quadratures  ; it  is 
iikewife  more  violent  in  fpring  and  autumn  than 
in  any  other  feafon  ; and  it  is  weakeft  at  the  fol- 
ftices.  This  phænomenon  is  occafioned  by  the 
combined  attra&ions  of  the  moon  and  fun. 
2 d7  The  direction  and  quantity  of  this  motion 
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is  often  varied  by  the  winds,  efpecially  fuch  as 
blow  conftantly  from  the  fame  quarter.  Great 
rivers,  in  like  manner,  by  difcharging  their  wa- 
ter into  the  fea,  produce  currents  which  often 
extend  feveral  leagues,  and  are  ftrongeft  when 
the  direction  of  the  wind  correfponds  with  the 
general  motion.  Of  this  an  example  is  afforded 
in  the  Pacific  Ocean,  where  the  motion  from 
eaft  to  weft  is  confiant,  and  very  perceptible. 
3^/,  It  is  worthy  of  remark,  that,  when  one  part 
of  a fluid  is  moved,  the  motion  is  communicated 
to  the  whole  : During  the  tides,  therefore,  a 
great  part  of  the  ocean  is  fenfibly  put  in  mo- 
tion ; and,  confequently,  the  whole  ocean,  from 
furface  to  bottom,  is  moved  at  the  fame  time. 

To  render  this  more  clear,  let  us  attend  to  the 
caufes  which  produce  the  tides.  We  formerly 
remarked,  that  the  moon  acfted  upon  the  earth 
by  a force  which  fome  call  attraction,  and  others 
gravity.  This  force  penetrates  the  whole  globe, 
is  exactly  proportioned  to  the  quantity  of  mat- 
ter, and  decreafes  as  the  fquares  of  the  diftances 
increafe.  Let  us  next  examine  what  effects  this 
force  muft  produce  upon  the  waters,  when 
the  moon  comes  to  the  meridian  of  any  place. 
The  furface  of  the  water  immediately  under  the 
moon  is  then  nearer  that  planet  than  any  other 
part  of  the  earth  ; of  courfe,  that  part  of  the  fea 
muft  be  elevated  towards  the  moon,  and  the 
fummit  of  this  eminence  muft  be  oppofite  to  the 
moon’s  centre.  To  produce  this  eminence,  the 
y 3 waters 
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waters  upon  the  furface,  as  well  as  thofe  at  the 
bottom,  contribute  their  fhare,  in  proportion  to 
their  diftances  from  the  moon,  which  ads  upon 
them  in  the  inverfe  ratio  of  the  fquares  of  their 
diftances.  Thus  the  furface  of  this  part  of  the 
fea  is  firft  elevated  ; the  furface  of  the  adjacent 
parts  is  likewife  elevated,  but  in  a fmaller  de- 
gree ; and  the  waters  at  the  bottom  of  all  thefe 
parts  are  raifed  by  the  fame  caufe.  Hence,  as 
the  whole  portion  of  water  under  the  moon  is 
raifed,  the  waters  at  a diftance,  upon  which  no 
attradion  is  exerted,  muft  neceffarily  rufh  for- 
ward with  precipitation  to  fupply  the  place  of 
thofe  which  are  elevated,  or  drawn  towards 
the  moon.  It  is  in  this  manner  that  the  flux, 
or  high  tide,  is  produced,  which  is  more  or  lefs 
fenfible  on  different  coafts,  and  which  agitates 
the  fea  not  only  at  the  furface,  but  at  the  great- 
eft  depths.  The  reflux,  or  ebb,  is  a confequence 
of  the  natural  difpofition  of  the  water,  which, 
when  no  longer  aded  upon  by  the  moon,  fub- 
fides,  and  returns  to  occupy  thofe  fhores  from 
which  it  had  been  forced  to  retire  by  a foreign 
power.  The  fame  effed  is  produced  when  the 
moon  arrives  at  the  antipode,  or  oppofite  meri- 
dian, but  for  a different  reafon  : In  the  firft  cafe* 
the  waters  rife,  becaufe  they  are  nearer  the  moon 
than  any  other  part  of  the  globe;  and  in  the  fé- 
cond, they  rife,  becaufe  the  moon  is  at  the  greateft 
diftance  from  them.  It  is  eafy  to  perceive  that  the 
effed  muft  be  the  fame;  for,  the  waters  here  be- 
ing 
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ing  lefs  attracted  than  thofe  of  the  oppofite  he- 
mifphere,  they  will  necefiarily  recede,  and  form 
an  eminence,  the  higheft  point  of  which  will  be 
where  the  attraction  is  leaft,  that  is,  in  the  me- 
ridian oppofite  to  the  moon’s  ftation,  or  to  the 
place  where  fhe  was  thirteen  hours  before. 
When  the  moon  comes  to  the  horizon,  the  tide 
is  ebb*  and  the  fea  is  in  its  natural  ftate  of  equi- 
librium. But,  when  fhe  is  in  the  oppofite  meri- 
dian, this  equilibrium  cannot  exift  ; for  the  wa- 
ters, at  the  place  oppofite  to  the  moon,  being 
then  at  their  great  diftance  from  her,  they  are 
lefs  attracted  than  the  reft  of  the  globe  ; and 
hence  their  relative  gravity,  by  which  they  are 
eonftantly  kept  in  equilibrium,  pufhes  them  to- 
wards the  point  oppofite  to  the  moon,  in  order 
to  preferve  this  equilibrium.  Thus,  in  both 
cafes,  when  the  moon  is  in  the  meridian  of  a 
place,  or  in  the  oppofite'  meridian,  the  waters 
muft  be  elevated  nearly  to  the  fame  height;  and, 
confequently,  they  muft  ebb  or  flow  back  when 
the  moon  is  in  the  horizon,  either  at  her  rifl- 
ing or  fetting.  A motion,  fuch  as  we  have 
defcribed,  neceflarily  agitates  the  whole  mafs  of 
the  ocean,  from  its  furface  to  its  bottom  ; and, 
as  the  bottom  is  lefs  affeCled  by  winds  than  the 
furface,  the  motion  produced  in  the  former,  by 
the  tides,  is  more  regular  and  uniform. 

From  this  alternate  ebbing  and  flowing,  there 
refults,  as  already  remarked,  a confiant  motion 
of  the  fea  from  eaft  to  weft  ; for  the  moon, 
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which  is  the  caufe  of  the  tides,  moves  from  eaft 
to  weft,  and,  by  a&ing  fucceflively  in  this  di- 
rection, flie  draws  the  waters  after  her.  This 
motion  is  moft  perceptible  in  ftraits.  At  the 
ftraits  of  Magellan,  for  example,  the  tides  rife 
near  20  feet,  and  they  continue  at  this  height 
fix  hours  ; but  the  reflux,  or  ebbing,  lafts  only 
two  hours,  and  the  waters  run  to  the  weft*. 
This  inconteftibly  proves,  that  the  reflux  is  not 
equal  to  the  flux,  and  that,  from  both  there  re- 
faits a motion  to  the  weft,  which  is  ftronger  dur- 
ing the  flux  than  the  refltix.  It  is  for  this  rea- 
fon,  that,  in  open  feas,  at  great  diftances  from 
land,  the  tides  are  only  rendered  perceptible  by 
this  general  current  of  the  waters  from  eaft  to 
weft. 

The  tides  are  much  higher  between  the  tro- 
pics than  in  any  other  part  of  the  ocean.  They 
likewife  rife  higher  in  places  that  ftretch  from 
eaft  to  weft,  in  long  and  narrow  bays,  and  upon 
coafts  which  are  interrupted  with  iflands  and 
promontories.  The  higheft  known  tides  take 
place  at  one  of  the  mouths  of  the  Indus,  where 
they  rife  30  feet  perpendicular.  They  have 
alfo  a remarkable  elevation  at  Malaya,  in  the 
ftraits  of  Sunda,  in  the  Red  Sea,  in  Nelfon’s 
bay,  at  the  mouth  of  the  river  St.  Lawrence,  up- 
on the  coafts  of  China  and  Japan,  at  Panama,  in 
the  Gulf  of  Bengal,  &c. 

* Sere  Narborough’s  Voyages, 
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The  fea’s  motion,  from  eaft  to  weft,  is  moft 
obfervable  in  particular  places.  Voyagers  have 
often  remarked  it  in  failing  from  India  to  Ma- 
dagafcar  and  Africa.  It  moves  alfo  with  confi- 
derable  force  in  the  Pacific  Ocean,  and  between 
the  Moluccas  and  Brazil  : But  it  is  moft  violent 
in  ftraits  : The  waters  are  carried  from  eaft  to 
weft,  through  the  ftraits  of  Magellan,  for  ex- 
ample, with  fuch  rapidity,  that  their  motion  is 
perceptible,  at  a great  diftance,  in  the  Atlantic 
ocean.  It  was  this  circumftance,  it  is  laid,  that 
made  Magellan  conje&ure  that  a lirait  exifted 
by  which  there  was  a communication  with  the 
two  feas.  In  the  ftraits  formed  by  the  Manillas, 
in  the  channels  between  the  Maldiva  iflands,  and 
in  the  gulf  of  Mexico,  between  Cuba  and  Juca- 
tan,  there  is  a confiant  current  from  eaft  to  weft. 
This  motion,  in  the  gulf  of  Paria,  is  fo  violent, 
that  its  lirait  is  called  the  Dragon  s Month.  It 
is  like  wife  violent  in  the  fea  of  Canada,  in  that 
of  Tartary,  and  in  Waigat’s  ftraits,  through 
which  it  forces  enormous  mafTes  of  ice  into  the 
northern  feas.  The  Pacific  ocean  runs  from  eaft 
to  weft  through  the  ftraits  of  Japan  ; the  fea  of 
Japan-  runs  towards  China  ; and  the  Indian 
ocean  runs  weft  ward  through  the  ftraits  of  Java, 
and  other  iflands  of  India.  It  is,  therefore,  evi- 
dent, that  the  fea  has  a general  and  uniform 
motion  from  eaft  to  weft;  and,  it  is  certain,  that 
the  Atlantic  runs  towards  America,  and  that  the 

Pacific 
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Pacific  ocean  flies  from  it,  as  is  apparent  at  Cape 
Current  between  Lima  and  Panama*. 

In  fine,  the  tides  rife  and  fall  alternately  in 
fix  hours  and  a half  upon  moft  coafts,  though 
they  happen  at  different  hours,  according  to  the 
climate,  and  the  pofition  of  particular  lands. 
Thus  the  coafts  of  the  fea  are  perpetually  beat 
by  the  waves  ; and  each  tide  carries  off  from  the 
higher  grounds  fmall  quantities  of  matter,  and 
depofites  them,  at  a diftance,  on  the  bottom  of 
the  ocean.  In  the  fame  manner,  each  tide  car- 
ries in,  and  depofites  upon  low  coafts,  fand, 
fhells,  and  other  fea-bodies,  which  gradually 
form  horizontal  ftrata,  and  give  rife  to  downs, 
and  little  hills,  fimilar  to  other  hills,  both 
in  figure  and  internal  ftruâure.  Thus  the 
fea  is  conftantly  encroaching  upon  high  coafts, 
and  lofing  ground  upon  thofe  that  are  low  ; and 
thefe  effe&s  are  produced  by  the  tides,  and  by 
violent  winds. 

To  give  an  idea  of  the  violent  effects  of  a 
flormy  fea  againft  a high  coaft,  I fhall  relate  a 
fa£t  attefted  by  an  eye-witnefs,  a perfon  worthy 
of  the  higheft  credit.  In  the  largeft  of  the  Ork- 
ney iflands,  there  are  coafts  compofed  of  folid 
rock,  above  200  feet  high,  and  nearly  perpendi- 
cular to  the  furface  of  the  water.  The  tides,  as 
is  ufual  in  iflands  and  promontories,  rife  very 
high  at  this  place.  But,  when  a violent  wind 
concurs  with  the  flow  of  the  tide,  the  agitation 
of  the  waters  is  fo  great,  that  they  often  rife 
# See  Varen.  Geogr.  p.  119. 
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above  thefe  rocks,  and  fall  down  in  the  form  of 
rain;  nay,  to  this  amazing  height,  gravel,  and 
Hones  as  large  as  a man’s  fift,  are  raifed  from 
the  foot  of  the  rocks. 

I myfelf  faw,  in  the  port  of  Leghorn,  where 
the  fea  is  much  more  tranquil,  a tempeft  in  De- 
cember 1731,  which  obliged  the  mariners  to  cut 
off  the  mails  of  their  veffels,  that  were  driven, 
by  the  violence  of  the  wind,  from  their  anchors 
in  the  road  ; the  waters  of  the  fea  furmounted 
fortifications  of  a great  height  ; and  as  I was 
upon  one  of  the  moll  advanced  works,  before  I 
could  reach  the  town,  I was  more  drenched 
with  fea-water  than  I could  have  been  by  the 
hea vieil  rain. 

Thefe  examples  may  convey  a notion  of  the 
violence  with  which  the  fea  ad:s  againll  particu- 
lar coalls.  This  confiant  agitation  gradually 
wears*,  corrodes,  excavates,  and  diminifhes  the 
quantity  of  the  land.  All  thefe  materials  are  trans- 
ported and  depofited  in  places  where  the  fea  is 
more  tranquil.  In  the  time  of  llorms,  the  water  is 
foul  and  muddy,  by  the  admixture  of  matters 
detached  from  the  coalls  and  from  the  bottom 
of  the  fea.  Thefe  bodies,  which  are  very  vari- 

* We  are  told  by  Shaw,  in  his  travels,  that,  in  many  parts 
on  the  coaft  of  Syiia  and  Phoenicia,  the  rocks  had  been  cut,  by 
the  ancients,  into  troughs  of  two  or  three  yards  long,  and 
broad  in  proportion,  for  the  purpofe  of  making  fait  by  evapo- 
ration. But,  notwithftanding  the  hard  nefs  of  the  rocks,  thefe 
troughs  are  now  almoft  totally  obliterated  by  the  agitation  of 
the  waves. 

ous, 
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ous,  and  carried  from  great  diftances,  are  thrown 
upon  the  low  fhores,  efpecially  after  tempefts, 
as  ambergris  on  the  weft  of  Ireland,  yellow  am- 
ber upon  the  coafts  of  Pomerania,  cocoas  upon 
the  coafts  of  India,  &c.  and  fometimes  pumice, 
and  other  lingular  ftones.  On  this  occafion,  we 
may  quote  a paflage  from  the  New  Voyages  to 
the  illands  of  America.  4 When  at  St.  Domingo,’ 
fays  the  author,  4 I was  prefented,  among  other 
* things,  with  fome  light  ftones,  brought  in  bv 
4 the  fea  in  high  fouth  winds:  fome  of  them 
4 were  two  and  a half  feet  long,  1 8 inches  broad, 
4 and  about  a foot  thick;  and  yet  they  weighed 
4 not  above  five  pounds.  They  were  as  white 
4 as  fnow,  harder  than  pumice,  of  a fine  grain, 

4 and  appeared  not  to  be  porous.  When,  how- 
4 ever,  they  were  thrown  into  water,  they  re- 
4 bounded  like  a foot-ball  thrown  againft  the 
4 ground.  It  was  difficult  to  force  them  under 
4 water  with  the  hand.  I inclofed  two  of  thefe 
4 ftones  with  thin  boards,  and  found  that  they 
4 bore  160  pounds  without  finking.  They  ferved 
4 my  negro  for  a Ihallop  on  which  he  divert- 
4 ed  himfelf  in  Tailing  about  the  quay*.’  This 
Hone  muft  have  been  a pumice  of  a clofe  fine 
grain,  which  had  been  tranfported  by  the  fea 
from  the  neighbourhood  of  fome  volcano,  in  the 
fame  manner  as  ambergris,  cocoas,  common  pu- 
mice, the  feeds  of  plants,  reeds,  &c.  are  tranf- 
ported. It  is  chiefly  on  the  coafts  of  Ireland 


• Tom.  i.  p.  260. 
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and  of  Scotland  that  obfervations  of  this  kind 
have  been  made.  The  fea,  by  its  general  mo- 
tion from  eaft  to  weft,  ought  to  carry  to  Ame- 
rica the  produ&ions  of  our  coafts  ; and  it  muft 
be  by  the  operation  of  fome  irregular  move- 
ments, that  the  productions  of  the  Eaft  and  Weft 
Indies,  and  of  the  northern  regions,  are  brought 
upon  our  coafts.  The  winds  are  probably  the 
caufe  of  thefe  effects.  In  open  feas,  and  at  great 
diftances  from  land,  large  portions  of  the  water 
have  been  feen  totally  covered  with  pumice- 
ftones.  They  could  only  come  from  volcanos 
in  iflands,  or  on  the  continent;  and  they  have 
probably  been  tranfported  to  the  open  feas  by 
currents.  Before  the  fouth  part  of  America  was 
difcovered,  and  when  it  was  not  believed  that 
the  Indian  ocean  had  any  communication  with 
ours,  appearances  of  this  kind  firft  gave  rife  to 
the  fufpicion  that  fuch  a communication  was  not 
impoffible. 

The  alternate  motion  of  the  tides,  and  the 
uniform  motion  of  the  fea  from  eaft  to  weft, 
exhibit  different  appearances  in  different  cli- 
mates, according  to  the  various  indentations  in 
the  land,  and  the  height  of  the  coafts.  In  fome 
places  the  motion  from  eaft  to  weft  is  not  per- 
ceptible; at  others,  it  moves  in  a contrary  direc- 
tion, as  on  the  coaft  of  Guinea.  But  thefe  con- 
trary motions  are  occafioned  by  the  winds,  by 
the  pofftion  of  the  land,  by  the  waters  of  great 
rivers,  and  by  the  difpofition  of  the  bottom  of 
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the  Tea.  All  thefe  caufes  produce  currents, 
which  often  change  the  direction  of  the  general 
movement.  But,  as  this  motion  from  eaft  to 
weft  is  the  greateft,  moft  general,  and  confiant, 
it  ought  to  produce  the  moft  fignal  effects;  and 
upon  the  whole,  the  fea  muft  gradually  gain 
ground  on  the  weft,  and  lofe  it  on  the  eaft  ; and 
although,  upon  coafts  where  the  weft  wind 
blows  during  the  greateft  part  of  the  year,  as  in 
France  and  Britain,  the  fea  may  gain  land  on 
the  eaft,  yet  thefe  exceptions  deftroy  not  the 
effect  of  the  general  caufe. 


PROOFS 

OF  THE 

THEORY  of  the  EARTH. 


ARTICLE  XIII. 

Of  Inequalities  in  the  Bottom  of  the  Sea , and  of 
Currents , 

THE  coafts  of  the  fea  may  be  divided 
into  three  kinds:  i.  High  coafts  com- 
pofed  of  hard  rocks,  commonly  perpendicular, 
and  of  a confiderable  elevation,  rifing  fome- 
times  to  the  height  of  700  or  800  feet.  2» 
Low  coafts,  of  which  fome  are  almoft  level  with 
the  furface  of  the  water,  and  others  have  a fmali 
elevation,  and  are  often  bordered  with  rocks 
nearly  of  a level  with  the  water,  which  give 
rife  to  breakers,  and  render  the  approach  of  £hip$ 
exceedingly  dangerous.  3,  Downs,  or  coafts 
formed  by  fand,  either  accumulated  by  the  fea, 
or  brought  down  and  depofited  by  rivers:  thefe 

downs 
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downs  form  bills  of  more  or  lefs  elevation,  ac- 
cording to  circumftances. 

The  coafts  of  Italy  are  lined  with  marble  and 
rocks  of  different  fpecies.  Thefe  rocks  ap- 
pear at  a diftance  like  perpendicular  pillars  of 
marble.  The  coafts  of  France,  from  Breft  to 
Bourdeaux,  confift  almoft  entirely  of  rocks  on 
a level  with  the  fea,  which  occafion  breakers. 
The  coafts  of  England,  of  Spain,  and  of  many 
other  places,  are  bordered  with  rocks  and  hard 
ftoncs,  except  particular  fpots  which  are  em- 
ployed as  roads  and  harbours. 

The  depth  of  the  water  along  the  coaft  is 
generally  proportioned  to  their  elevation  ; a high 
coaft  indicates  a deep  water;  and,  on  low  coafts, 
the  water  is  commonly  {hallow.  The  inequa- 
lities at  the  bottom  of  the  fea  near  the  coafts 
likewife  correfpond  with  the  inequalities  in  the 
furface  of  the  ground  along  the  fhore.  This 
fubjeft  is  illuftrated  in  the  following  manner  by 
a celebrated  voyager. 

4 I have  made  it  my  general  obfervation,  that, 
4 where  the  land  is  fenced  with  fteep  rocks  and 
* cliffs  againft  the  fea,  there  the  fea  is  very  deep, 
4 and  feldom  affords  anchor-ground  ; and,  on 
4 the  other  fide,  where  the  land  falls  away  with 
4 a declivity  into  the  fea,  (although  the  land  be 
4 extraordinary  high  within,)  yet  there  are  com- 
4 monly  good  foundings,  and  confequently  an- 
4 choring;  and,  as  the  vifible  declivity  of  the 
4 land  appears  near,  or  at  the  edge  of  the  water, 
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whether  pretty  fteep,  or  more  hoping,  fo  we 
commonly  find  our  anchor-ground  to  be  more 
or  lefs  deep  or  fteep  ; therefore  we  come  near- 
er the  fhore,  or  anchor  farther  off,  as  we  fee 
convenient  ; for  there  is  no  coaft  in  the  world, 
that  I know,  or  have  heard  of,  where  the  land 
is  of  a continual  height,  without  fome  fmall 
valleys  or  declivities,  which  lie  intermixed  with 
the  high  land.  They  are  the  fubfiding  of  val- 
leys or  low  lands,  that  make  dents  in  the  fliore 
and  creeks,  fmall  bays  and  harbours,  or  little 
coves,  &c.  which  afford  good  anchoring,  the 
furface  of  the  earth  being  there  lodged  deep 
under  water.  Thus  we  find  many  good  har- 
bours on  fuch  coafts,  where  the  land  bounds 
the  fea  with  fteep  cliffs,  by  reafon  of  the  de- 
clivities, or  fubfiding  of  the  land  between  thefe 
cliffs  : But,  where  the  declenfion  from  the  hills 
or  cliffs  is  not  within  land,  between  hill  and 
hill,  but,  as  on  the  coaft  of  Chili  and  Peru,  the 
declivity  is  toward  the  main  fea,  or  into  it,  the 
coaft  being  perpendicular,  or  very  fteep  from 
the  neighbouring  hills,  as  in  thofe  countries 
from  the  Andes,  that  run  along  the  fhore, 
there  is  a deep  fea,  and  few  or  no  harbours  or 
creeks.  All  that  coaft  is  too  fteep  for  anchor- 
ing, and  hath  the  feweft  roads  fit  for  fhips 
of  any  coaft  I know.  The  coafts  of  Gallicia, 
Portugal,  Norway,  and  Newfoundland,  &c. 
are  coafts  like  the  Peruvian,  and  the  high 
iflands  of  the  Archipelago  ; but  yet  not  fo 
vol.  1.  z i fcanty 
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6 fcanty  of  good  harbours  ; for,  where  there  are 
4 fhort  ridges  of  land,  there  are  good  bays  at 
4 the  extremities  of  thofe  ridges,  where  they 
4 plunge  into  the  fea  ; as  on  the  coaft  of  Ca- 
4 raccos,  &c.  The  ifland  of  Juan  Fernandez, 
4 and  the  ifland  of  St.  Helena,  &c.  are  fuch  high 
4 land  with  deep  fhore  : And,  in  general,  the 
4 plunging  of  any  land  under  water,  feems  to 
4 be  in  proportion  to  the  riling  of  its  continuous 
4 part  abové  water,  more  or  lefs  fteep  ; and  it 
4 muft  be  a bottom  almoft  level,  or  very  gently 
4 declining,  that  affords  good  anchoring,  fhips 
4 being  foon  driven  from  their  moorings  on  a 
4 fteep  bank  ; therefore,  we  never  ftrive  to  an- 
4 cher  where  we  fee  the  land  high,  and  bounding 
4 the  fea  with  fteep  cliffs  ; and,  for  this  reafon, 
4 when  we  came  in  fight  of  States-Ifland,  near 
4 Terra  del  Fuego,  before  we  entered  into  the 
4 South-Seas,  we  did  not  fo  much  as  think  of  an- 
4 choring  after  wre  faw  what  land  it  was,  becaufe 
4 of  the  fteep  cliffs  which  appeared  againft  the 
4 fea  ; yet  there  might  be  little  harbours  or  coves 
4 for  lhailops,  or  the  like,  to  anchor  in,  which 
4 we  did  not  fee,  or  fearch  for. 

4 As  high  fteep  cliffs  bounding  on  the  fea 
4 have  this  ill  confequence,  that  they  feldom  af- 
4 ford  anchoring  ; fo  they  have  this  benefit,  that 
4 we  can  fee  them  far  off,  and  fail  clofe  to  them, 
4 without  danger;  for  which  reafon  we  call 
4 them  bold  ihores  ; whereas  low  land,  on  the 
4 contrary,  is  feen  but  a little  way,  and  in  many 
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places  we  dare  not  come  near  it,  for  fear  of 
running  a-ground  before  we  fee  it.  Befides, 
there  are,  in  many  places,  fhoals  thrown  out 
by  the  courfe  of  great  rivers,  that  from  the 
low  land  fall  into  the  fea. 
c This  which  I have  faid,  that  there  is  ufually 
good  anchoring  near  low  lands,  may  be  illus- 
trated by  Several  inftances.  Thus,  on  the 
South  fide  of  the  bay  of  Campeachy,  there  is 
moftly  low  land,  and  there  alfo  is  good  an- 
choring all  along  fhore  ; and,  in  Some  places 
to  the  eaftward  of  the  town  of  Campeachy, 
we  (hall  have  fo  many  fathom  as  we  are  leagues 
off  from  land;  that  is,  from  9 or  10  leagues 
diftance,  till  you  come  within  4 leagues  ; and 
from  thence  to  land  it  grows  but  fhallower. 
The  bay  of  Honduras  alfo  is  low  land,  and  con- 
tinues moftly  fo,  as  we  paffed  along  from  thence 
to  the  coafts  of  Portobel,  and  Cartagena,  till 
we  came  as  high  as  Santa  Martha  ; afterwards 
the  land  is  low  again,  till  you  come  towards 
the  coaft  of  Caraccos,  which  is  a high  coaft 
and  bold  fliore.  The  land  about  Surinam,  on 
the  fame  coaft,  is  low  and  good  anchoring,  and 
that  over  on  the  coaft  of  Guiney  is  fuch  alfo. 
And  fuch,  too,  is  the  bay  of  Panama,  wThere 
the  pilot-book  orders  the  pilot  always  to  found, 
and  not  to  come  within  fuch  a deep,  be  it  by 
night  or  day.  In  the  fame  feas,  from  the  high 
land  of  Gautimala  in  Mexico,  to  California, 
there  is  moftly  low  land  and  good  anchoring. 
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4 In  the  main  of  Afia,  the  coaft  of  China,  the 
4 bay  of  Siam  and  Bengal,  and  all  the  coaft  of 
4 Coromandel,  and  the  coaft  about  Malacca,  and 
4 againft  it  the  ifland  of  Sumatra,  on  that  fide, 
4 are  moftly  low  anchoring  fhores.  But,  on  the 
4 weft  fide  of  Sumatra,  the  fhore  is  high  and 
4 bold  ; fo  moft  of  the  iflands  lying  to  the 
4 eaftward  of  Sumatra  ; as  the  iflands  Borneo, 
4 Celebes,  Gilolo,  and  abundance  of  iflands  of 
4 lefs  note,  lying  fcattered  up  and  down  thofe 
4 feas,  are  low  land,  and  have  good  anchoring 
4 about  them  ; with  many  fhoals  fcattered  to  and 
4 fro  among  them  ; but  the  iflands  lying  againft 
4 the  Eaft-Indian  Ocean,  efpecially  the  weft  fides 
4 of  them,  are  high  land  and  fteep,  particularly 
4 the  weft  parts,  not  only  of  Sumatra,  but  alfo 
4 of  Java,  Timor,  &c.  Particulars  are  endlefs; 

4 but,  in  general,  ’tis  feldom  but  high  fhores  and 
4 deep  waters,  and,  on  the  other  lide,  low  land 
4 and  fhallow  feas  are  found  together*.! 

It  is,  therefore,  fully  eftabiiftied  bytheobferv- 
ations  of  navigators,  that  there  are  in  the  bot- 
tom of  the  fea,  confiderable  mountains,  and 
other  inequalities.  We  are  alfo  alfured  by  the 
teftimony  of  divers,  that  there  are  fmaller  ine- 
qualities occafioned  by  rocks,  and  that  the  cold 
is  greateft  in  the  hollows  or  valleys.  In  general, 
as  formerly  remarked,  the  depths  of  open  feas 
augment  in  proportion  to  their  diftance  from 
the  coafts.  It  appears,  from  M.  Buache’s 
chart  of  that  part  of  the  ocean  which  lies  be- 

**  Dampieps  Voyages,  vol.  i.  p.422,  4.23,  424,  425. 
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tween  the  coafts  of  Africa  and  America*  and 
from  the  draughts  he  has  given  us  of  the  fea 
from  Cape  Tagrin  to  Rio-grand,  that  the  bot- 
tom of  the  ocean  is  as  irregular  as  the  furface 
of  the  land  ; that  abrolhos,  where  there  are 
vigies , and  where  fome  of  the  rocks  are  on  a 
level  with  the  water,  are  only  the  tops  of  large 
and  high  mountains,  of  which  Dolphin  ifland 
is  one  of  the  mod  elevated  points;  that  the  Cape 
de  Verd  iflands  are  likewife  the  tops  of  moun- 
tains ; and  that  all  round  thefe  abrolhos  and 
iflands,  the  depth  of  the  fea  is  unfathomable. 

With  regard  to  the  qualities  of  the  different 
foils  at  the  bottom  of  the  fea,  little  can  be  faid 
with  precifion,  as  all  our  knowledge  is  derived 
from  founding  and  from  divers.  We  only 
know,  that  fome  places  are  covered  with  dime 
and  mud  of  a confiderable  thicknefs,  in  which 
anchors  can  have  no  hold  : It  is  probable 
that,  in  thefe  places,  the  mud  is  depofited  by 
rivers.  Other  parts  are  covered  with  fand  of 
different  kinds,  fimilar  to  thole  upon  land.  In 
others  are  heaps  of  fhells,  madrepores,  corals, 
and  other  productions  of  infeCts,  juft:  beginning 
to  unite  and  to  affame  the  form  of  ftones  : In 
others,  we  find  fragments  of  ftones,  gravel,  and 
frequently  ftones  and  marbles  completely  form- 
ed. In  the  Maldiva  iflands,  for  example,  they 
build  their  houfes  with  a hard  ftone  raifed  from 
fome  fathoms  under  water.  At  Marfeilles  very 
good  marble  is  raifed  from  the  bottom  of  the 
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fea,  which,  inftead  of  wafting  or  deftroying 
ftones  and  marble,  creates  and  preferves  them  : 
It  is  the  fun,  the  earth,  the  air,  and  the  rains, 
which  alone  corrupt  and  deftroy  thefe  fub- 
ftances. 

The  bottom  of  the  fea  muft  be  compofed  of 
the  fame  materials  as  the  furface  of  the  earth, 
fince  the  very  fame  fubftances  are  found  on  both. 
At  the  bottom  of  fome  parts  of  the  ocean  are 
vaft  colledions  of  ftiells,  madrepores,  and  corals; 
and  we  find,  upon  land,  numberlefs  quarries, 
/ banks  of  chalk,  and  of  other  fubftances,  mixed 
with  the  fame  fhells,  madrepores,  and  corals  ; fo 
that,  in  every  view,  the  dfy  parts  of  this  globe 
referable  thofe  covered  with  the  waters,  both  in 
compofition  of  materials,  and  in  fuperficial  in- 
equalities. 

To  thefe  inequalities  at  the  bottom,  we  muft( 
afcribe  the  origin  of  currents  ; for,  if  the  bot- 
tom were  uniform  and  level,  there  could  be  no 
current  but  the  general  motion  from  eaft  to. 
weft,  and  fuch  as  might  occafionally  be  pro- 
duced by  the  winds.  Eut  what  inconteftibly 
proves,  that  moft  currents  are  produced  by  the 
tides,  and  take  their  diredion  from  inequalities  at 
the  bottom,  is,  that  they  uniformly  follow  the 
tides,  and  change  their  courfe  at  every  ebb  and 
flow*.  This  fad  is  confirmed  by  the  teftimony 

* See  Pietro  della  Valle  on  the  currents  in  the  Gulf  of  Cam- 
baia,  vol.  vi.  p.  363. 

cf 


BOTTOM  OF  THE  SEA.  359 

of  all  navigators,  who  unanimoufly  affirm,  that, 
in  thofe  places  where  the  tides  are  moft  impetu- 
ous, the  currents  are  likewife  moft  rapid. 

Thus  it  is  apparent,  that  the  tides  give  rife  to 
currents,  and  that  they  always  follow  the  di- 
rection of  the  oppofite  hills  or  mountains  be- 
tween which  they  run.  Currents  produced  by 
winds  likewife  obferve  the  direction  of  the  emi- 
nences concealed  under  the  waters  ; for  they 
feldom  run  in  the  direCt  path  of  the  winds  ; nei- 
ther do  thofe  produced  by  the  tides  invariably 
obferve  the  courfe  pointed  out  by  their  original 
caufe. 

To  give  a diftinCt  idea  of  the  origin  of  cur- 
rents, let  it  be  remarked,  that  they  take  place  in 
all  feas  ; that  fome  are  rapid,  and  others  flow  ; 
that  fome  are  of  great  extent  both  in  length 
and  breadth,  and  others  fhorter  and  narrower  ; 
that  the  fame  caufe  by  which  they  are  pro- 
duced, whethér  it  be  the  winds  or  the  tides, 
frequently  beftows  on  each  a difference  both  in 
celerity  and  direction  ; that  a north  wind,  for 
example,  which  ought  to  produce  a general  mo- 
tion towards  the  fouth,  gives  rife,  on  the  con- 
trary, to  a number  of  feparate  currents,  very 
different, both  in  their  direction  and  extent,  fome 
running  fouth,  others  fouth-eaft,  and  others 
fouth- weft  ; fome  are  rapid,  others  flow  ; fome 
long  and  broad,  and  others  fhort  and  narrow  : 
In  a word,  their  motions  are  fo  various  and 
combined,  that  they  lofe  all  refemblanee  to  their 
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general  caufe.  When  a contrary  wind  blows, 
every  motion  is  uniformly  reverfed  ; and  the 
courfe  of  the  different  currents  is  precifely  the 
fame  as  would  neceffariîy  take  place  between 
two  oppofite  and  neighbouring  hills  upon  the 
furface  of  the  land,  were  it  covered  with  water. 
Of  this,  the  Maldiva  and  Indian  iflands,  where 
the  winds  blow  and  the  currents  run  regularly 
for  fix  months  in  oppofite  directions,  afford  mod 
ftriking  examples.  The  fame  thing  has  been 
remarked  of  currents  between  fhoals  and  fand- 
banks.  In  general,  all  currents,  from  whatever 
caufe  they  proceed,  have  the  fame  dimenfions, 
and  the  fame  direction  through  their  whole 
courfe  ; but  they  differ  greatly  from  each  other 
in  every  refpeCt.  This  uniformity  and  variety 
can  proceed  from  no  other  caufe  but  the  ine- 
qualities of  the  hills,  mountains,  and  valleys,  at 
the  bottom  of  the  ocean  ; for,  it  is  an  eftablifh- 
ed  fad,  that  the  current  between  two  iflands 
follows  the  diredion  of  the  coafts;  and  the 
fame  phænomenon  is  exhibited  between  fhoals 
and  fand-banks.  The  hills  and  mountains  in 
the  fea,  therefore,  may  be  conlidered  as  the 
banks  which  contain  and  dired  the  currents  : 
Hence  a current  is  a river,  the  breadth  of  which 
is  determined  by  that  of  the  valley  through 
which  it  runs  ; its  rapidity  is  proportioned  to 
the  force  by  which  it  is  produced,  combined 
with  the  breadth  of  the  interval  through  which 
it  pafies  ; and  its  diredion  is  marked  out  by  the 
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pofition  of  the  hills  and  other  inequalities  be- 
tween which  it  fhapes  its  courfe. 

An  opportunity  is  now  afforded  us  of  ex- 
plaining that  fmgular  correfpondence  between 
the  angles  of  hills  and  mountains,  which  is  ob- 
fervable  in  every  country  of  the  world.  We 
have  already  remarked  this  uniform  correfpond- 
ence of  angles  in  the  banks  of  rivers.  The 
caufe  of  this  effed  depends  on  the  laws  of  hy- 
droftatics,  and  might  be  eafily  explained.  But 
it  is  fufficient  for  our  prefent  purpofe,  that  the 
fad  is  general,  and  univerfally  known  ; and 
every  man  may  fatisfy  himfelf  with  his  own 
eyes,  that,  when  the  bank  of  a river  projeds 
into  the  land,  to  the  left,  for  inftance,  the  op- 
polite  bank,  on  the  contrary,  makes  a projec- 
tion from  the  land  on  the  right. 

The  currents  of  the  ocean,  therefore,  which 
ought  to  be  regarded  as  large  rivers,  and  as  fnb- 
jed  to  the  fame  laws  as  thofe  on  land,  muft, 
like  them,  have  formed,  through  the  whole  ex- 
tent of  their  courfe,  many  fmuofities  or  wind- 
ings with  correfponding  angles  or  projedions  : 
And,  as  the  banks  of  currents  are  hills  and 
mountains,  either  above  or  below  the  furface 
of  the  water,  they  muft  have  produced  on  thefe 
eminences  the  fame  effeds  as  our  rivers  do  up- 
on their  banks.  Thus,  we  have  no  longer  any 
reafon  to  be  aftonifhed,  that  our  hills  and 
mountains,  which  were  formerly  covered  with 
|he  fea,  and  formed  by  the  fediments  of  its  wa- 
ters, 
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ters,  fhould  have  affumed,  by  the  motion  of  its 
currents,  this  regular  figure,  arifing  from  the 
correfpondence  of  their  oppofite  angles.  They 
were  originally  banks  of  currents,  or  of  fea-ri- 
vers,  and  muft  neceflarily  have  affumed  a figure 
and  direction  fimilar  to  thofe  of  land-rivers. 

This  alone,  independent  of  the  other  proofs 
which  we  have  adduced,  is  fufficient  to  fhow, 
that  all  our  prefent  continents  and  ifiands 
were  formerly  covered  with  the  waters  of  the 
ocean,  and  throws  much  light  on  the  theory 
which  I have  been  endeavouring  to  çftablifh. 
It  was  not  enough  to  have  proved  that  the 
internal  ftrata  of  the  earth  were  formed  by 
fediments  of  the  waters  ; that  the  mountains 
were  elevated  by  fucceffive  accumulations  of 
thefe  fediments  ; or,  that  many  ftrata  were  im- 
pregnated with  fhelis  and  other  productions  of 
the  fea.  It  was  ftill  neceffary  to  inveftigate  and 
afiign  the  real  caufe  of  the  correfpondence  in. 
the  angles  of  mountains,  which  hitherto  had 
never  been  attempted,  but  which,  when  united 
with  the  other  proofs,  forms  a connected  chain 
of  evidence  in  fupport  of  my  theory,  as  com- 
plete as  the  nature  of  *phyfical  reafoning  will 
admit. 

The  mod  confpicuous  currents  of  the  ocean 
are  thofe  in  the  Atlantic  near  the  coaft  of  Gui- 
ney.  They  extend  from  Cape  Verd  to  the  bay 
of  Fernandpo.  They  run  from  weft  to  eaft, 

which 
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which  is  contrary  to  the  general  motion  of  the 
fea  ; and  they  are  fo  rapid,  that  veflels  fail  in 
two  days  from  Moura  to  Rio  de  Benin,  about 
150  leagues,  but  require  fix  or  feven  weeks  to 
return.  It  would  be  impoffible  to  clear  thefe 
latitudes,  were  it  not  by  means  of  the  tern- 
peftuous  winds  which  fuddenly  arife  in  them  : 
But  there  are  fometimes  whole  feafons  in  which 
the  mariner  is  obliged  to  remain  ftationary,  on 
account  of  perpetual  calms,  the  fea  having  here 
no  motion  but  what  it  derives  from  the  currents; 
and  thefe  always  run  in  upon  the  coafts,  from 
which  they  extend  not  above  20  leagues.  Near 
the  ifland  of  Sumatra,  there  are  rapid  currents, 
which  run  from  fouth  to  north,  and  which  have 
probably  given  rife  to  the  bay  between  Malacca 
and  India.  We  find  fimilar  currents  between 
Java  and  the  lands  of  Magellan,  and  between 
the  Cape  of  Good  Hope  and  Madagafcar,  efpe** 
cially  on  the  African  coaft  from  Natal  to  the 
Cape.  In  the  Pacific  Ocean,  upon  the  coafts  of 
Peru,  and  the  reft  of  America,  the  waters  move 
from  fouth  to  north,  which  is  probably  owing 
to  the  confiant  blowing  of  the  fouth  wind.  The 
fame  motion  from  fouth  to  north  has  been  re- 
marked on  the  coafts  of  Brafil,  from  Cape  St. 
Auguftine  to  the  Antilles,  and  from  the  mouth 

of  the  Manilla  Straits  to  the  Philippines  and 

* 


* See  Yaren,  Geogr,  p.  140. 
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There  are  violent  currents  in  the  neighbour- 
hood of  the  Maldiva  iflands  ; and  between  thefe 
iflands,  as  already  obferved,  the  currents  run  al- 
ternately in  oppofite  directions  fix  months  in 
the  year,  and  are  probably  occafioned  by  the 
trade-winds. 

We  here  enumerate  fuch  currents  only  as  are 
remarkable  both  for  their  extent  and  their  rapi- 
dity; becaufe  the  number  of  leffer  currents  is 
almoft  infinite.  The  tides,  j:he  winds,  and  every 
caufe  that  agitates  the  waters,  produce  cur- 
rents, which  are  more  or  lefs  perceptible  in  dif- 
ferent places.  We  have  already  remarked,  that 
the  bottom  of  the  fea  is,  like  the  land,  interfered 
with  mountains  and  valleys,  fhoals  and  fand- 
banks.  In  all  the  mountainous  places,  the  cur- 
rents muft  neceflarily  be  violent  ; and,  where 
the  bottom  is  fmooth  and  level,  They  are  almoft 
imperceptible  ; for  the  rapidity  of  a current  friuft 
augment  in  proportion  to  the  obftacles  with 
which  the  waters  have  to  encounter.  The  cur- 
rent between  two  chains  of  mountains  will  be 
more  or  lefs  violent  in  proportion  to  their  dis- 
tance. The  fame  thing  muft  happen  between  two 
banks  of  fand,  or  two  adjacent  iflands.  It  is,  ac- 
cordingly, remarkable,  that  in  the  Indian  ocean, 
which  is  interfeded  with  an  innumerable  quan- 
tity of  iflands  and  fand-banks,  there  are  every 
where  currents,  which,  by  their  rapidity,  render 
navigation  extremely  dangerous. 


Currents 
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Currents  are  not  only  occafioned  by  inequa- 
lities at  the  bottom,  but  a fimilar  effect  is  pro- 
duced by  the  coafts,  from  which  the  waters  are 
repelled  to  greater  or  lefs  diftances.  This  re- 
gorging of  the  waters  may  be  rendered  perpe- 
tual and  violent  by  particular  circumftances  : An 
oblique  pofition,  for  example,  of  a coaft,  its  con- 
tiguity to  a bay  or  a great  river,  a promontory, 
or  any  particular  obftacie  to  the  general  move- 
ment of  the  waters,  will  always  give  rife  to  a 
current  : Now,  as  nothing  is  more  irregular  than 
the  bottom  and  the  coafts  of  the  fea,  the  num- 
ber of  currents  which  every  where  appear  ought 
not  to  create  furprife. 

All  currents  have  a determinate  breadth,  pro- 
portioned to  the  interval  between  the  two  emi- 
nences which  limit  them.  They  run  in  the  fame 
manner  as  land-rivers  ; they  form  a channel, 
and  cut  their  banks  in  a regular  manner,  with 
correfponding  angles  : In  fine,  the  currents  of 
the  ocean  have  fcooped  out  our  valleys,  fhaped 
our  mountains,  and  beftowed  upon  the  land, 
while  it  remained  under  the  furface  of  the  wa- 
ters, the  form  in  which  it  now  appears. 

If  any  doubt  fhould  remain  concerning  the 
correfpondence  in  the  angles  of  mountains*  I 
appeal  to  the  teftimony  of  every  man’s  obferva- 
tion.  Every  traveller  may  remark  this  corre- 
fpondence in  oppofite  hills.  When  a hill  makes 
a proje&ion  to  the  right,  the  oppofite  one  uni- 
formly recedes  to  the  left.  Befides,  in  oppofite 

hills 
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hills  feparated  by  valleys,  there  is  rarely  any  dif- 
ference in  their  height.  The  more  I obferve 
the  contours  and  elevations  of  hills,  I am  the 
more  convinced  of  the  correfpondence  of  their 
angles,  and  of  their  refemblance  to  the  channels 
and  banks  of  rivers.  It  was  the  repeated  obfer- 
vation  of  this  furprifing  regularity  and  refem- 
blance that  firft  fuggefted  the  idea  of  the  theory 
of  the  earth  which  I am  now  fupporting.  When 
to  this  are  added  the  parallelifm  of  the  ftrata, 
,and  the  fhells  fo  univerfally  incorporated  with 
different  materials,  no  fubjeâ:  of  this  nature  can 
admit  of  a greater  degree  of  probability. 
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THEORY  of  the  EARTH. 


ARTICLE  XIV. 

Of  Regular  Winds . 

IN  our  climates,  nothing  can  appear  to  be 
more  capricious  and  irregular  than  the  force 
and  diredlion  of  the  winds.  But  there  are  fame 
countries  where  this  irregularity  is  not  fo  great, 
and  others  where  the  wind  blows  conftantly  in 
the  fame  direction,  and  with  nearly  the  fame 
degree  of  force. 

Though  the  motions  of  the  air  depend  on 
many  caufes  ; yet  there  are  fome  more  con- 
fiant and  powerful  than  others.  But  it  is  diffi- 
cult to  eftimate  their  precife  effeâs,  becaufe  thefe 
are  often  modified  by  fecondary  caufes. 

The  heat  of  the  fun  is  the  moft  powerful 
caufe  of  winds  ; It  produces  a confiderable  and 

fucceffive 
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fucceflive  rarefaCtion  In  the  different  parts  of 
the  atmofphere,  and  gives  rife  to  an  eaft-wind, 
which  blows  conftantly  between  the  Tropics, 
where  the  rarefaCtion  is  greateft. 

The  force  of  the  fun’s  attraction  upon  the  at- 
mofphere, and  even  that  of  the  moon,  are  in- 
confiderable,  when  compared  with  the  caufe 
juft  mentioned.  This  force,  it  is  true,  produces 
a motion  in  the  air  fimilar  to  that  of  the  tides 
in  the  fea  : But,  though  the  air  is  elaftic,  and 
800  times  lighter  than  water,  the  motion  pro- 
duced by  attraction  cannot  exceed  what  is  ex- 
cited in  the  waters  of  the  ocean  by  the  fame 
caufe  ; for  the  action  of  gravity  being  propor- 
tioned to  the  quantity  of  matter,  it  mu  ft  elevate 
a fea  of  water,  of  air,  or  of  quickfilver,  nearly 
to  the  fame  height.  Hence  the  influence  of  the 
planets  upon  the  air  muft  be  inconfiderable  "L 
and,  though  it  mud  occafion  a flight  motion 
from  eaft  to  weft,  this  motion  becomes  alto- 
gether infenfible  when  compared  with  that  pro- 
duced by  the  heat  of  the  fun  : But  as  the  rare- 
faction is  always  greateft  when  the  fun  is  in  the 
zenith,  the  current  of  air  muft  follow  the  courfe 
of  the  fun,  and  produce  a confiant  wind  from 
eaft  to  weft.  At  fea,  this  wind  blows  perpetu- 
ally in  the  Torrid  Zone,  and  at  land,  in  mofl 

* See  Refte&ions  fur  la  Caufe  Generale  des  Vents,  par  M, 
D’Alembert. 
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places  between  the  Tropics.  It  is  this  wind 
which  we  perceive  when  the  fun  rifes  ; and,  in 
general,  eaft  winds  are  more  frequent,  and  more 
violent,  than  weft  winds.  The  general  wind, 
from  eaft  to  weft,  extends  even  beyond  the 
Tropics.  It  blows  fo  conftantly  in  the  Pacific 
ocean,  that  the  (hips  coming  from  Acapulco  to 
the  Philippines,  perform  their  voyage,  which  is 
more  than  2700  leagues,  without  the  leaft  dan- 
ger, and  almoft  without  the  neceflity  of  being 
dire&ed.  In  the  Atlantic,  between  Africa  „and 
Brafil,  this  wind  is  equally  confiant.  It  is  like- 
wife  felt  between  the  Philippines  and  Africa  ; 
but  there  it  is  lefs  confiant,  on  account  of  the 
obftacles  it  meets  with  from  the  numerous 
iflands  in  that  fea  ; for  it  blows,  during  the 
months  of  January,  February, ’March  and  April, 
between  the  Mozambique  coaft  and  India  ; but 
it  gives  place  to  other  winds  during  the  reft  of 
the  year:  And,  though  it  is  lefs  perceptible  on 
the  coafts  than  on  the  open  fea,  and  ftill  lefs  in 
the  interior  parts  of  continents  than  on  the 
coafts,  yet,  in  fome  places;  it  blows  almoft  per- 
petually, as  on  the  eaft  coafts  of  Brafil,  of  Loan- 
go  in  Africa,  &c. 

This  wind  is  confiant  under  the  Line;  and, 
therefore,  in  going  from  Europe  to  America, 
mariners  direct  their  courfe  fouthward,  along 
the  coafts  of  Spain  and  Africa,  till  they  come 
within  20  degrees  of  the  Equator,  where  they 
fall  in  with  the  çaft,  or  trade-wind,  which  car- 
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ries  them  diredtly  to  the  coaft  of  America.  By 
means  of  the  fame  wind,  the  voyage  from  Aca- 
pulco to  the  Philippines  is  performed  in  two 
months  ; but  the  return  from  the  Philippines 
to  Acapulco  is  much  more  difficult,  and  requires 
a longer  time.  About  28  or  30  degrees  on 
this  fide  of  the  Line,  the  weft  wind  is  equally 
confiant;  and,  for  this  reafon,  the  veffels  return- 
ing from  the  Weft  Indies  to  Europe,  obferve 
not  the  fame  route  as  in  going  out.  Thofe  from 
New  Spain  run  north  along  the  coaft  till  they 
arrive  at  the  Havannah,  in  the  ifland  of  Cuba  ; 
and  from  thence  they  proceed  northward  till 
they  fall  in  with  the  weft  wind,  which  carries 
them  to  the  Azores,  and  then  to  Spain.  In  the 
fame  manner,  veffels  returning  by  the  South 
Sea  from  the  Philippines  or  China,  to  Peru  or 
Mexico,  fail  north  as  far  as  Japan  ; and,  under 
that  latitude,  they  proceed  till  they  arrive  at  a 
certain diftance from  California;  and  from  thence, 
following  the  coaft  of  New  Spain,  they  reach 
Acapulco.  Thefe  eaft  winds  blow  not  always 
from  the  fame  point  ; but,  in  general,  they  blow 
from  the  fouth-eaft,  from  April  to  September,  and 
from  the  north-eaft  from  November  to  April. 

The  eaft  wind,  by  its  confiant  a&ion,  aug- 
ments the  general  motion  of  the  fea  from  eaft 
to  weft.  It  alfo  produces  perpetual  currents, 
fome  of  them  running  from  eaft  to  weft,  and 
others  from  eaft  to  fouth  eaft,  or  north- weft,  ac- 
cording to  the  direction  of  the  eminences,  or 

chains 
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chains  of  mountains,  below  the  furface  : The 
valleys  or  intervals  between  them  ferve  as  chan- 
nels to  thefe  fea-rivers.  The  variable  winds 
which  blow  fometimes'  from  the  eaft,  and 
fometimes  from  the  fouth,  likewife  produce  cur- 
rents, which  change  their  direction  with  that  of 
the  wind. 

The  winds  that  blow  conflantly  for  fome 
months  are  commonly  fucceeded  by  contrary 
winds,  which  oblige  the  mariner  to  "wait  for 
that  which  is  mo  ft  favourable  to  his  deftination. 
When  thefe  winds  change,  they  often  produce, 
for  feveral  days,  and  fometimes  for  a month,  or 
even  two  months,  a perfect  calm,  or  dreadful 
tempefts. 

Thefe  general  winds,  occafioned  by  the  rare- 
faction of  the  atmofphere,  are  varioufly  com- 
bined and  modified  by  different  caufes,  and  in 
different  climates.  In  that  part  of  the  Atlantic 
which  lies  under  the  Temperate  Zone,  the  north 
wind  blows  almoft  conflantly  during  the  months 
of  October,  November,  December,  and  January. 
Thefe  months,  therefore,  are  moft  favourable 
for  fhips  going  to  the  Indies,  which  are  carried 
over  the  Line  by  this  wind  : And  it  is  a well 
known  faCt,  that  veffels  which  depart  from  Eu- 
rope in  March,  frequently  arrive  not  fooner  at 
Brafil  than  thofe  which  fet  out  in  the  following 
October.  The  north  wind  reigns  almoft  perpe- 
tually, during  the  winter,  off  Nova  Zembla,  and 
other  northern  coafts.  At  Cape  de  Verd,  the 
a a 2 fouth 
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fouth  wind  blows,  daring  the  month  of  Julyy 
which  is  the  rainy  feafon,  or  winter,  in  that 
climate.  At  the  Cape  of  Good  Hope,  the  north- 
weft  wind  blows  during  the  month  of  Septem- 
ber : The  fame  wind  blows  at  Patna  in  the  Eaft 
Indies,  during  the  months  of  November,  De- 
cember, and  January,  and  occafions  great  rains  ; 
but  the  eaft  wind  prevails  during  the  other  nine 
months.  In  the  Indian  Ocean,  between  Africa 
and  India,  and  as  far  as  the  Molucca  illands, 
the  trade-wind  from  eaft  to  weft  reigns  from 
January  to  the  beginning  of  June  ; the  weft 
winds  begin  in  Auguft  or  September  ; and,  in 
the  interval  between  June  and  July,  there  are 
dreadful  tempefts,  generally  from  the  north 
winds  ; but  thefe  winds  are  more  variable  on 
the  coafts  than  in  the  open  feas. 

In  the  kingdom  of  Guzarat,  and  upon  the 
neighbouring  coafts,  the  north  winds  blow  from 
March  to  September  ; and,  during  the  other 
months,  the  fouth  winds  almoft  always  prevail. 
The  Dutch,  in  returning  from  Java,  fet  out  in 
January  or  February,  by  the  afliftance  of  the 
eaft  wind,  which  is  felt  as  far  as  the  18th  degree 
of  fouth  latitude  ; and  then  they  meet  with  fouth 
winds,  which  carry  them  to  St.  Helena*. 

Some  regular  winds  are  produced  by  the 
melting  of  the  fnows.  This  was  remarked  by 
the  ancient  Greeks.  During  fummer,  a north- 
eaft  wind,  and  a fouth-eaft  one  during  winter, 
* See  Varen.  Geogr.  cap.  20. 
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was  obferved  to  take  place  in  Thracia,  in  Mace- 
donia, in  the  Egean  Sea,  and  even  in  Egypt 
and  Africa  ; and  winds  of  the  fame  kind  have 
been  remarked  in  Congo,  at  Guzarat,  and  at  the 
extremity  of  Africa,  which  are  all  occafioned  by 
the  melting  of  the  fnows.  Regular  winds, 
which  laft  but  a few  hours,  are  alfo  produced  by 
the  motion  of  the  tides;  and,  in  many  places,  as 
on  the  coafts  of  New  Spain,  of  Congo,  of  Cuba, 
&c.  a wind  blows  from  the  land  during  the 
night,  and  from  the  fea  during  the  day. 

The  north  winds  are  equally  regular  within 
the  polar  circles;  but  they  become  more  and 
more  imperceptible  as  we  approach  the  Equator: 
This  remark  is  applicable  to  both  poles. 

In  the  Atlantic  and  Ethiopie  ocean,  within 
the  tropics,  an  eaft  wind  blows  during  the 
whole  year,  without  any  confiderahle  variation, 
except  in  fome  fmall  fpots,  where  it  changes 
according  to  the  fituation  of  coafts,  and  other 
circumftances  : 1 Near  the  coaft  of  Africa,  and 
about  the  28th  degree  of  north  latitude,  veffels 
are  certain  of  finding  a freih  gale  from  the 
north-eaft,  or  north-north- eaft,  which  accom- 
panies them  to  the  1 oth  degree  of  the  fame  la- 
titude, about  100  leagues  from  the  coaft  of 
Guinea;  and  at  the  4th  degree  of  north  latitude, 
they  meet  with  calms  and  tornado’s.  2d \ In 
going  by  the  Caribbee  iflaods,  this  wind  turns 
more  and  more  eafterly,  in  proportion  as  vef- 
fels  approach  the  American  coaft.  3 d,  The 
A a 3 limits 
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limits  of  thefe  variable  winds,  in  the  Atlantic, 
are  more  extenfive  upon  the  coafts  of  America 
than  upon  thofe  of  Africa.  Along  the  coaft  of 
Guinea,  from  Sierra  Leona  to  the  ifland  of  St. 
Thomas,  an  extent  of  about  500  leagues,  there 
is  a perpetual  fouth,  or  fouth-weft  wind.  The 
narroweft  part  of  the  Atlantic  is  from  the  coaft 
of  Guinea  to  Brafil,  where  it  is  not  above  500 
leagues  over.  Veffels,  however,  that  depart 
from  Guinea,  are  obliged  to  fhape  their  courfe 
fouth  ward,  efpecially  when  they  fet  out  in  the 
months  of  July  or  Auguft,  in  order  to  fall  in 
with  the  fouth-eaft  winds,  which  blow  conftant- 
ly  during  this  feafon*. 

In  the  Mediterranean,  the  eaft  wind  blows 
from  the  land  in  the  evening,  and  the  weft  wind 
from  the  fea  in  the  morning.  The  fouth  wind, 
which  is  accompanied  with  rain,  and  blows 
commonly  during  the  latter  end  of  autumn,  at 
Paris,  in  Burgundy,  and  Champagne,  yields  to  a 
mild  north-eaft  wind,  which  produces  that  fine 
weather  vulgarly  called  Saint  Martin’s  Sum- 
mer f. 

Dodor  Lifter  alledges,  that  the  eaft  wind, 
which  reigns  during  the  whole  year  between 
the  tropics  is  occafioned  by  the  tranfpiration  of 
the  plant  called  the  feci-lentil , which  abounds  in 
thefe  climates;  and  that  the  difference  of  land- 
winds  is  owing  to  the  different  fituation  of  trees 

* See  Phil.  Tranf.  Abridg.  vol.  ii.  p.  129. 

+ See  Traité  de  eaux  de  M.  Mariotte. 

and 
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and  forefts.  This  ridiculous  whim  he  afligns 
as  the  caufe  of  the  winds  ; and,  in  his  opinion, 
the  wind  is  ftrongeft  at  mid-day,  becaufe  the. 
tranfpiration  from  plants  is  then  greateft;  and 
the  wind,  continues  he,  blows  from  eaft  to  weft, 
becaufe  all  plants  are,  in  fome  meafure,  fun- 
flowers,  and  tranfpire  moft  from  the  fide  oppo- 
fed  to  the  fun 

Other  authors  have  afligned  the  diurnal  mo- 
tion of  the  earth  as  the  caufe  of  this  eaft  wind. 
This  notion  is  fpecious  : But  every  man,  who 
has  the  leaft  knowledge  of  phyfics,  muft  allow, 
that  no  fluid  which  furrounds  the  earth  can  be 
affeâed  by  its  rotation  ; that  the  air  muft  move 
along  with  the  earth  itfelf;  and  that  the  rota- 
tory motion  is  equally  imperceptible  in  the  at- 
mofphere  as  on  the  furface  of  the  earth. 

The  principal  caufe  of  the  winds,  as  already 
remarked,  is  the  heat  of  the  fun  f ; for,  what- 
ever rarifies  or  condenfes  the  air,  muft  produce 
a wind,  or  current,  in  a direction  oppofite  to 
thofe  places  where  the  rarefa&ion  or  condenfa- 
tion  is  greateft. 

The  preffure  of  clouds,  exhalations  from  the 
earth,  the  explofion  of  meteors,  rains,  &c.  like- 
wife  produce  confiderable  agitations  in  the  at- 
mofphere.  Each  of  thefe  caufes,  when  various- 
ly combined,  produce  different  effe&s.  As  it 
is  in  vain  to  attempt  a complete  theory  of  the 
winds,  I confine  myfelf  to  their  hiftory. 

• See  Phif.Tranf.  No.  156. 

f See  Halley’s  Treatife  on  this  fubje&in  the  Phil.  Tranf. 
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If  we  had  a feries  of  obfervations  upon  the 
diredion,  the  force,  and  the  variations  of  the 
winds  in  the  different  climates  of  the  earth,  and 
if  thefe  obfervations  were  fufficiently  numerous 
and  exa d,  we  might  be  enabled  to  form  more 
complete  ideas  with  regard  to  the  caufes  of  the 
different  changes  in  the  atmofphere. 

The  winds  are  more  regular  at  fea  than  upon 
land  ; becaufe  their  motion  is  not  interrupted. 
But,  upon  land,  the  direction  is  frequently  chang- 
ed by  the  interpofition  of  mountains,  forefts, 
cities,  and  other  obftacles.  Winds  are  often  re- 
fleded  from  mountains  with  a force  nearly  equal 
to  that  of  their  original  current  : Thefe  winds 
are  exceedingly  irregular,  becaufe  their  direc- 
tion depends  on  the  contour,  the  height,  and 
the  fituation  of  the  mountains  from  which  they 
rebound.  The  fea-winds  alfo  blow  with  more 
force  and  uniformity,  and  laft  longer  : The 
land-winds,  however  violent,  have  intermif- 
fions,  and  moments  of  repofe  : But,  at  fea,  the 
current  of  the  air,  having  no  obftacles  to  con- 
tend with,  is  uniform  and  perpetual. 

At  fea,  the  eaft  winds,  and  thofe  which  come 
from  the  Poles,  are  generally  ftronger  than  thp 
weft  winds,  and  thofe  that  proceed  from  the 
Equator.  But,  at  land,  the  fouth  and  weft  winds 
are  more  or  lefs  violent,  according  to  the  differ- 
ent fituation  of  particular  countries.  During 
fpring  and  autumn,  the  winds,  both  at  fea  and 
land,  are  more  violent  than  in  fummer  or  win- 
ter. 
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ter.  For  this  fad,  feveral  reafons  maybe  affigned  ; 
1.  In  fpring  and  autumn  the  tides  are  higheft  ; 
and,  confequently,  the  winds  they  excite  are 
moll  violent  during  thefe  feafons  : 2.  The  mo- 
tion produced  in  the  atmofphere  by  the  addon 
of  the  fun  and  moon,  or  the  tides  of  the  air,  mull 
likewife  be  greateft  about  the  equinoxes  : 3.  The 
melting  of  the  fnows  in  fpring,  and  the  con- 
denfation  of  the  vapours  exhaled  in  fummer 
by  the  fun,  and  which  fall  down  in  the  autumn 
in  the  form  of  rain,  produce,  or,  at  lead,  aug- 
ment the  force  of  the  winds  : 4.  The  tranfition 
from  heat  to  cold,  or  from  cold  to  heat,  mu  ft 
create  confiderable  augmentation  and  diminu- 
tion in  the  volume  of  the  air,  which  alone  is  fuf- 
ficient  to  raife  great  winds. 

Contrary  currents  in  the  atmofphere  have  of- 
ten been  remarked.  We  fee  fome  clouds  mov- 
ing in  one  diredion,  and  others,  either  above 
or  below  them,  proceeding  in  a diredion  per- 
fedly  opponte.  This  contrariety  of  motion 
never  continues  long  ; becaufe  its  general  caufe  is 
the  refidance  of  fome  large  cloud,  which  refleds 
the  wind  in  a diredion  oppofite  to  its  natural 
courfe,  but  is  foon  diilipated. 

The  winds  are  more  violent  in  proportion  to 
the  elevation  of  the  ground,  till  it  arrive  at  the 
ordinary  dation  of  the  clouds,  which  is  about 
one-fourth  or  one-third  of  a league  perpendi- 
cular height  ; and,  beyond  this,  the  iky  is  gene- 
rally ferene,  efpecially  in  fummer,  and  the  wind 

gradually 
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gradually  diminifhes  : It  is  even  faid  to  be  alto-, 
gether  imperceptible  on  the  tops  of  the  higheft 
mountains.  However,  as  the  fummits  of  thefe 
mountains  are  covered  with  ice  and  fnow,  it  is 
natural  to  think  that  this  region  of  the  air  is 
agitated  during  the  fall  of  the  fnows,  and  that 
the  winds  are  imperceptible  in  the  fummer  fea- 
fon  only.  The  light  vapours  which  are  raifed  in 
fummer  fall  in  the  form  of  dews  ; but,  in  winter, 
they  are  condenfed,  and  fall  on  the  tops  of  the 
mountains  in  the  form  of  fnow  or  ice,  which 
may  raife  confiderable  winds  at  that  altitude. 

The  celerity  of  a current  of  air  is  augmented 
when  its  paffage  is  contracted.  The  fame  wind, 
which  is  but  flightly  felt  in  a large  open  plain, 
becomes  violent  in  its  progrefs  through  a nar- 
row pafs  in  a mountain,  or  between  two  high 
houfes  ; and  it  is  moft  violent  at  the  tops  of  the 
buildings  or  of  the  mountain,  becaufe  the  air, 
being  compreffed  by  thefe  obftacles,  is  augment- 
ed both  in  volume  and  denfity  ; and,  as  its  cele- 
rity remains  the  fame,  its  force  or  momentum 
muft  be  increafed.  It  is  for  this  reafon  that  the 
wind  appears  to  be  more  violent  near  a church 
or  a tower  than  at  a diftance  from  them.  I 
have  often  remarked,  that  the  wind  reflected 
from  a building  handing  by  itfelf,  is  ftronger 
than  the  direCt  wind  by  which  it  was  produced. 
This  effeCt  can  be  owing  to'  no  other  caufe  than 
the  compreffion  of  the  air  againft  the  building 
from  which  it  rebounds. 


As 
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As  the  denfity  of  the  air  is  greateft  at  the 
furface  of  the  earth,  it  is  natural  to  conclude, 
that  the  wind  muft  there  alfo  be  molt  violent  ; 
and  this  conclufion  is,  I apprehend,  juft,  when 
the  Iky  is  ferene  : But,  when  it  is  charged  with 
clouds,  the  addon  of  the  wind  will  be  moft  vio- 
lent at  the  height  of  the  clouds,  which  are  denfer 
than  air,  as  they  fall  in  the  form  of  rain  or 
of  hail.  In  computing  the  force  of  wind,  there- 
fore, we  ought  to  eftimate  not  only  its  velocity, 
but  likewife  the  denfity  of  the  air;  for  two 
winds,  of  equal  velocities,  may  differ  greatly  in 
their  force,  if  the  denfities  of  the  air  be  unequal. 
From  this  remark,  we  may  learn  the  imperfec- 
tion of  thofe  machines  which  have  been  em- 
ployed for  meafuring  the  velocity  of  the  winds. 

Particular  wTinds,  whether  they  be  dired  or 
refleded,  are  more  violent  than  thofe  which  are 
general.  The  interrupted  adion  of  land-winds 
depends  on  the  compreffion  of  the  air,  which 
renders  every  blaft  more  violent  than  if  the  cur- 
rent were  uniform.  A uniformly  continued 
ftream  of  air  produces  not  fuch  havock  as  the 
fury  of  thofe  winds  which  blow,  as  it  were,  by 
paroxyfms.  But  of  this  we  fhall  treat  more  fully 
in  the  next  article. 

The  winds,  in  their  various  diredions,  may 
be  confidered  under  general  points  of  view, 
from  which,  perhaps,  fome  ufefui  dedudions 
may  be  drawn.  For  example,  the  winds  may 
be  divided  into  Zones.  The  eaft  wind,  which 

extends 
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extends  25  or  30  degrees  on  each  fide  of  the 
Equator,  exerts  its  force  round  the  globe  within 
the  Torrid  Zone.  The  north  wind  blows  with 
equal  conftancy  in  both  the  Frigid  Zones.  Thus, 
the  eaft  wind  occupies  the  Torrid  Zone,  and  the 
north  wind  the  Frigid  Zones.  With  regard  to 
the  Temperate  Zones,  the  winds  peculiar  to 
them  may  be  confidered  only  as  currents  of  air, 
produced  by  the  combination  of  the  two  princi- 
pal winds,  which  give  rife  to  all  thofe  that 
come  from  the  eaftern  points  ; and  the  welt 
winds,  which  are  common  in  the  Temperate 
Zones,  both  in  the  Pacific  and  Atlantic  Oceans, 
may  be  confidered  as  reflections  from  the  con- 
tinents of  Afia  and  America,  but  deriving  their 
origin  principally  from  the  eaft  and  north  winds. 
Though  we  have  faid,  that,  generally  fpeak- 
ing,  the  eaft  wind  blows  round  the  globe  25  or 
30  degrees  on  each  fide  the  Equator  ; yet  it 
inuft  be  acknowledged  that,  in  fome  places,  it 
extends  not  fo  far,  and  that  its  direction  is  not 
throughout  from  eaft  to  weft;  for,  on  this  fide 
of  the  Equator,  it  is  eaft-north-eaft,  and,  beyond 
the  Equator,  it  is  eaft  To  uth -eaft  ; and,  the  more 
we  recede  from  the  Equator,  its  direction  is  the 
more  oblique.  The  Equator  is  the  line  under 
which  the  direction  qf  the  wind  from  eaft  to 
weft  is  mod  exadt.  In  the  Indian  Ocean,  for 
example,  the  general  wind  from  eaft  to  weft  ex- 
tends not  above  15  degrees  beyond  the  Equator, 
In  going  from  Goa  to  the  Cape  of  Good  Hope, 

this 
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this  wind  is  not  felt  beyond  the  12th  degree  of 
fcuth  latitude,  nor  is  it  perceptible  on  this  fide 
of  the  Equator.  But,  after  arriving  at  the  1 2th 
degree  of  fouth  latitude,  this  wind  continues  10 
the  28th  degree.  In  the  fea  which  feparates 
Africa  from  America,  there  is  an  interval  from  the 
4th  degree  of  north  latitude  to  the  10th  or  nth 
of  fouth  latitude,  where  this  general  wind  is  not 
perceived.  But,  beyond  the  10th  or  nth  de- 
gree, it  extends  to  the  30th. 

There  are  likewife  many  deviations  in  the 
trade-winds,  which  have  an  alternate  motion. 
Some  continue  for  a longer  or  fhorter  time  ; 
otjiers  have  a greater  or  lefter  extent  ; others  are 
more  or  lefs  regular,  and  more  or  iefs  violent. 
The  following,  according  to  Varenius,  are  the 
principal  phænomena  of  thefe  winds  : 4 In  the 
4 ocean  between  Africa  and  India,  and  as  far  as 
4 the  Molucca  iflands,  the  eaft  wind  commences 
* in  January,  and  continues  to  the  beginning  of 
4 June.  In  the  month  of  Auguft,  the  weft  wind 
4 begins,  and  continues  for  three  or  four  months. 
4 In  the  interval  between  thefe  trade-winds^ 
4 which  is  from  the  end  of  June  to  the  begin- 
4 ning  of  Auguft,  the  fea  is  infefted  with  violent 
4 tempefts  from  the  north. 

4 Thefe  winds  are  fubje£t  to  the  greateft  va- 
4 nations  near  the  coafts  : Veflels  cannot  take 
4 their  departure  from  thecoaft  of  Malabar,  and 
4 other  ports  on  the  weft  coaft  of  the  peninfula 
4 of  India,  to  Africa,  Arabia,  or  Perfia,  but  from 
i o 4 the 
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4 the  month  of  January  to  April  or  May;  for, 
4 at  the  end  of  May,  and  during  the  months  of 
4 June,  July,  and  Auguft,  the  tempefts  from 
4 the  north  and  north-eaft  are  fo  violent,  that 
c no  fhips  can  keep  the  feas.  Rut,  on  the 
4 other  fide  of  this  peninfula,  in  the  fea  which 
4 waflies  the  coaft  of  Coromandel,  there  are  no 
« tempefts  of  this  kind. 

4 Veflels  depart  from  Java,  Ceylon,  and  ie- 
c veral  other  places,  for  the  Molucca’s  in  Sep- 
4 tember,  becaufe  the  weft  wind  begins  then  to 
c blow  in  thefe  regions.  However,  when  15 
4 degrees  fouth  of  the  Equator,  this  wind  ceafes, 
4 and  they  fall  in  with  the  trade-wind,  which, 
4 in  this  place,  blows  from  the  fouth-eaft.  In 
4 the  fame  manner,  veffels  depart  from  Cochin 
4 for  Malacca  in  March  ; becaufe,  at  this  time, 
4 the  weft  wind  begins  to  blow.  Thus  the  weft 
4 winds  arife  at  different  times,  in  different  parts 
4 of  the  Indian  Ocean.  The  times  of  departure 
4 are  different  from  Java  to  the  Molucca’s,  from 
4 Cochin  to  Malacca,  from  Malacca  to  China, 
4 and  from  China  to  Japan. 

4 At  Banda,  the  weft  winds  terminate  at  the 
4 end  of  March  ; calm  and  variable  winds  occu- 
4 py  the  month  of  April  ; and  the  eaft  winds 
4 begin  with  great  violence  in  May.  At  Cey- 
4 Ion,  the , weft  winds  commence  about  the 
4 middle  of  March,  and  continue  to  the  beginning 
4 of  Oftober,  when  the  eaft,  or  rather  eaft-north- 
4 eaft  winds,  return.  At  Madagafcar,  they  have 

4 north 
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north  or  north-weft  winds  from  the  middle 
c of  April  to  the  end  of  May  ; but  eaft  and 
4 fouth  winds  in  February  and  March.  From 

* Madagafcar  to  the  Cape  of  Good  Plope,  the 
4 northerly  winds  prevail  during  the  months  of 
4 March  and  April.  In  the  gulf  of  Bengal,  af- 
4 ter  the  20th  of  April,  the  fouth  winds  blow 
4 with  violence  ; and,  before  this  period,  the 
4 fouth- weft  and  north-weft  winds  prevail.  The 
4 wefterly  winds  are  alfo  violent  in  the  Chinefe 
4 fea  during  the  months  of  June  and  July.  This 
4 is,  therefore,  the  moft  proper  feafon  for  fail- 
4 ing  from  China  to  Japan  : But,  in  returning 
4 from  Japan  to  China,  February  and  March  are 
4 preferable,  becaufe  the  eafterly  winds  then 
4 prevail. 

4 There  are  fome  winds  which  may  be  con- 
4 fidered  as  peculiar  to  certain  coafts  : For  ex- 
4 ample,  a fouth  wind  blows  almoft  perpetually 
4 on  the  coafts  of  Chili  and  Peru.  It  begins 

* about  the  46th  degree  of  fouth  latitude,  and  ex- 
4 tends  beyond  Panama,  which  makes  the  voy- 
4 age  from  Lima  to  Panama  more  eafy  and  ex- 
4 peditious  than  the  return.  The  wefterly  winds 
4 blow  almoft  continually  on  the  coafts  of  Ma- 
4 gellan’s  land,  in  the  neighbourhood  of  the 
4 ftraits  of  La  Maire.  Upon  the  Malabar  coaft, 
4 they  have  almoft  conftantly  north  and  north- 
4 wreft  winds.  The  north  wind  is  very  frequent 
4 on  the  coaft  of  ^Guinea,  The  wefterly  winds 

4 reign 
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‘ reign  upon  the  coafts  of  Japan  during  thé 
c months  of  November  and  December/  * 

The  periodic,  or  alternate  winds,  mentioned 
above,  are  peculiar  to  the  fea.  But,  upon  land 
there  are  alfo  periodic  winds,  which  return  at 
certain  feafons  or  particular  days,  or  even  at 
Rated  hours.  On  the  coaft:  of  Malabar,  for  ex- 
ample, an  eafterly  land-wind  blows  from  Sep- 
tember to  April  : It  generally  commences  at 
midnight,  and  ends  at  noon  ; and  it  is  not  per- 
ceptible at  12  or  15  leagues  from  the  coaft. 
From  noon  to  midnight,  there  is  a gentle  weft- 
erly  breeze  from  the  fea.  Upon  the  coafts  of 
New  Spain  in  America,  and  upon  thofe  of  Congo 
in  Africa,  land-winds  blow  during  the  night, 
and  fea-winds  during  the  day.  Winds  blow 
from  all  the  coafts  of  Jamaica  during  the  night, 
which  prevents  the  landing,  or  failing  of  fhips, 
with  fafety,  before  the  rifing  of  the  fun. 

In  winter,  the  port  of  Cochin  is  inacceffible  ; 
neither  can  any  veflel  get  out  ; becaufe  the  winds 
are  fo  impetuous,  that  no  veflels  can  keep  the 
fea  ; and,  befides,  the  weft  wind,  which  blows 
with  great  fury,  drives  fuch  a quantity  of  fand 
into  the  mouth  of  the  river,  as  renders  it  impof- 
fible  for  (hips  of  any  burthen  to  enter  it  for  fix 
months  of  the  year.  But  the  eaft  wind,  which 
blows  during  the  other  fix  months,  drives  back 
thç.  fand  into  the  fea,  and  opens  the  mouth  of 
the  river.  At  the  ftraits  of  Babelmandel,  there 
is  a fouth-eaft  wind,  which  is  regularly  fuc- 

ceeded 
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ceeded  by  the  north-eaft.  At  Saint  Domingo, 
there  are  two  different  winds  that  rife  regu- 
larly every  day  ; the  one,  which  is  from  the  fea, 
comes  from  the  eaft,  and  begins  at  10  o’clock 
before  noon;  the  other,  which  is  a land  wind, 
from  the  weft,  rifes  at  6 or  y in  the  evening, 
and  continues  the  whole  night.  Other  fads  of 
this  kind,  colleded  from  voyagers  of  knowledge 
and  credit,  might  furnifh  a complete  hiftory  of 
the  wrinds,  which  would  be  a work  extremely 
tifefu!  both  in  navigation  and  phyfics. 
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THEORY  of  the  EARTH. 


Of  Irregular  Winds,  Hurricanes , Water-Spouts , 
and  other  Phenomena , occafioned  by  the  agita - 


HE  winds  are  more  irregular  on  the  land 


than  on  the  fea,  and  in  high  than  in  low 
countries.  The  mountains  not  only  change  the 
direction  of  the  winds,  but  even  produce  fome, 
which  are  either  confiant  or  variable,  according 
to  their  caufes*  The  melting  of  fnows  on  the 
tops  of  mountains  generally  give  rife  to  con- 
fiant winds,  which  lafl  a confiderable  time. 
The  vapours  that  flrike  againfl  the  mountains, 
and  accumulate  upon  them,  produce  variable 
winds,  which  are  \rery  common  in  all  climates  ; 
and  there  is  as  great  a variety  in  the  motions  of 
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the  air,  as  there  are  inequalities  on  the  furface 
of  the  earth.  We  can,  therefore,  give  exam- 
ples only,  and  a genuine  hiftory  of  fads  : And,  as 
a connected  feries  of  obfervations  upon  the  va- 
riations of  the  winds,  and  even  of  the  feafons, 
in  different  countries,  rs  ftill  wanting,  we  fhall 
not  attempt  to  explain  all  the  caufes  of  thefe  va- 
riations, but  fhall  confine  ourfelves  to  thofe 
which  are  moll  probable. 

In  ftraits,  at  the  extremities  of  promontories, 
peninfulas,  and  capes,  and  in  all  narrow  bays, 
tempefluous  winds  are  frequent.  But,  indepen- 
dent of  thefe,  fome  feas  are  much  more  infefted 
with  florms  than  others.  The  Indian  Ocean, 
the  feas  of  Japan  and  of  Magellan,  along  the 
African  coafl  beyond  the  Canaries,  and  the  oppo- 
fite  coafl  near  Natal,  and  the  Red  and  Vermi- 
lion Seas,  are  all  fubjed  to  tempefls.  The  Atlantic 
is  likewife  more  tempefluous  than  the  great 
ocean  called  the  Pacific  : This  lafl  ocean,  how- 
ever, is  no  where  perfedly  tranquil,  except  be- 
tween the  Tropics  ; for  the  nearer  we  approach 
the  Poles,  it  is  the  more  fubjed  to  variable  winds, 
the  fudden  changes  of  which  produce  tempefls. 

All  continents  are  fubjed  to  the  effeds  of  va- 
riable winds,  which  are  fometimes  very  lingu- 
lar. In  the  kingdom  of  Caflimir,  which  is  fur- 
rounded  with  the  mountains  of  Caucafus,  a mofl 
fudden  reverfe  of  feafons  is  felt  on  Mount  Pire- 
penjale.  In  lefs  than  an  hour’s  journey,  we  pafs 
from  fummer  to  winter  : A north  and  a fouth 
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wind,  according  to  Bernier,  blow  perceptibly 
within  2co  paces  of  each  other.  The  pofition 
of  this  mountain  mu  ft  be  fingular  ; and,  there- 
fore, it  merits  a particular  examination.  In  the 
peninfula  of  India,  which  is  traverfed  from  north 
to  fouth  by  the  mountains  of  Gate,  the  extreme 
heats  of  fummer  are  felt  on  one  fide  of  thefe 
mountains,  and  all  the  rigours  of  winter  on  the 
other.  The  fame  phænomenon  takes  place  on 
the  two  oppofite  coafts  of  Cape  Rofalgate  in 
Arabia  : On  the  north  coaft  the  fea  is  calm  and 
tranquil  ; while  the  fouth  coaft  is  infefted  with 
continual  ftorms.  Ceylon  exhibits  another  ex- 
ample of  this  phænomenon.  Winter  and  high 
winds  reign  in  the  north  part  of  the  ifland, 
while,  on  the  fouth  fide  of  it,  fine  wreather  and 
fummer  heats  prevail.  Of  oppofite  feafons  in 
the  neighbourhood  of  each  other,  and  at  the 
fame  time,  there  are  feveral  examples,  not  only 
on  the  continent,  but  on  the  iilands,  as  at  Cerem, 
a long  ifland  near  Amboyna,  in  the  north  part 
of  which  it  is  winter,  and  fummer  in  the  fouth 
part  ; and  the  interval  between  thefe  two  feafons 
is  not  above  three  or  four  leagues. 

In  Egypt  a fouth  wdnd  prevails  during  fummer, 
which  is  fo  hot  as  to  flop  refpiration  ; and  it 
raifes  fuch  immenfe  quantities  of  fand,  that  the 
iky  feems  to  be  covered  with  thick  clouds.  This 
iand  is  fo  fine,  and  is  blowm  with  fuch  violence, 
that  it  penetrates  the  clofeft  chefts.  When  this 
wind  continues  for  feveral  days,  it  gives  rife 

to 
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to  epidemic  difeafes,  which  frequently  cut  off 
vaft  numbers  of  men.  It  feldom  rains  in  Egypt; 
every  year,  however,  there  are  fome  days  of  rain 
in  the  months  of  December,  January,  and  Fe~ 
. bruary.  Rut  thick  fogs  are  more  frequent  than 
rain,  efpecially  in  the  neighbourhood  of  Cairo. 
Thefe  fogs  commence  in  November,  and  con- 
tinue during  the  winter;  and,  through  the  whole 
year,  even  when  the  Iky  is  ferene,  the  dews  fall 
fo  copioully,  that  they  have  all  the  effe&s  of 
rain. 

In  Perfia,  the  winter  commences  in  Novem- 
ber, and  iafts  till  March.  The  cold  is  ftrong 
enough  to  produce  ice  ; and  fnows  fall  in  the 
mountains,  and  fometimes  in  the  plains.  From 
March  to  May,  there  are  violent  winds,  which 
recal  the  warmth  of  fummer.  From  May  to 
September  the  Iky  is  ferene,  and  the  heats  are 
moderated  during  the  night  by  frelh  breezes 
which  continue  till  morning;  and,  in  autumn, 
there  are  violent  winds,  like  thofe  which  blow 
in  the  fpring.  However,  though  thefe  winds  are 
very  ftrong,  they  feldom  produce  tempefts  or 
hurricanes.  But,  in  fummer,  a very  noxious 
wind  blows  along  the  Perfic  Gulf,  which  is  call- 
ed Samiel  by  the  natives;  it  is  ftill  hotter  and 
more  terrible  than  that  of  Egypt  ; and,  as  it  a<fts 
like  an  explofiou  of  inflamed  vapour,  it  fuffo- 
cates  every  perfon  who  unhappily  falls  within 
its  vortex.  A fimilar  wind  rifes  in  fummer 
along  the  Red  Sea,  which  fuffocates  animals,  and 
B B 3 tranfports 
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tranfports  fuch  quantities  of  fand,  that  many 
people  imagine  this  fea  will,  in  the  courfe 
of  time,  be  completely  filled  up.  Arabia  gives 
birth  to  frequent  clouds  of  fand  which  darken 
the  air,  and  excite  dangerous  whirlwinds.  At 
Vera  Cruz,  when  the  hot  winds  blow  from  the 
north,  the  houfes  of  that  town  are  almoft  bu- 
ried with  fand.  Hot  winds  are  alfo  felt  in  fum- 
nier  at  Negapatan  in  India,  and  likewife  at 
Petapouli  and  Mafulapatan.  Thefe  fcorching 
winds  wdiich  kill  men  are  fortunately  of  no  long 
duration;  but  they  are  extremely  violent,  and 
their  heat  and  deleterious  quality  are  propor- 
tioned to  their  velocity,  wThich  is  contrary  to 
the  nature  of  other  winds  ; for  the  more  their 
rapidity,  they  are  the  more  wholefome  and  re- 
frefhing.  This  difference  proceeds  from  the  de- 
gree of  heat  in  the  air.  When  the  heat  of  the 
air  is  lefs  than  that  of  the  body,  the  motion  of 
the  air  is  agreeable.  But,  w hen  the  heat  of  the 
air  is  greater  than  that  of  the  bodies  of  animals, 
its  motion  fcorches  and  fuffocates.  At  Goa,  the 
winter,  or  rather  the  rainy  and  tempeftuous  fea- 
fon,  is  in  the  months  of  May,  June,  and  July, 
and  it  cools  and  refreihes  the  air,  which  would 
otherwdfe  be  perfectly  infupportable  in  that  re- 
gion. 

The  Cape  of  Good  Hope  is  famous  for  its 
tempefts,  and  a peculiar  cloud  which  produces 
them.  This  cloud  at  firft  appears  like  a fmall 
round  fpot  in  the  heavens,  which  mariners  di- 

ftinguiffi 
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ftinguifti  by  the  name  of  the  Ox's  Eye.  The 
feeming  fmallnefs  of  this  cloud  is  probably  ow- 
ing to  its  great  height.  Of  all  voyagers  who 
mention  this  cloud,  Kolbe  appears  to  have  ex- 
amined it  with  the  greateft  attention.  4 This 
4 cloud,’  fays  he  *,  4 which  appears  on  the  moun- 
4 tains  of  the  Table , or  of  the  Devil , or  of  the 
4 Wind , is  compofed,  if  I am  not  deceived,  of  an 
4 infinite  number  of  particles  pufhed,  in  the  firft 
4 place,  againft  the  mountains  to  the  eaft  of  the 
4 Cape,  by  the  eaft  wind  which  blows  in  the 
4 Torrid  Zone  during  almoft  the  whole  year. 
4 Thefe  particles  or  vapours  are  flopped  by  the 
4 high  mountains,  and  are  colle&ed  on  their 
4 eaft  fide.  They  then  become  vifible  in  the 
4 form  of  finall  fragments  of  clouds,  which,  by 
4 the  confiant  addon  of  the  eaft  wind,  are  ele- 
4 vated  to  the  tops  of  the  mountains.  Here 
4 they  remain  not  long  at  reft  ; but,  being  forced 
4 to  advance,  they  fink  down  between  the 
4 mountains  which  are  ftill  before  them,  where 
4 they  are  locked  up  and  fqueezed  on  all  fides 
4 as  in  a canal.  The  wind  prefles  thefe  vapours 
4 from  above,  and  the  oppofite  fides  of  the  two 
4 mountains  confine  them  on  the  right  and  left, 
4 till,  in  their  progrefs,  they  advance  to  the  foot 
4 of  fome  mountains  where  the  country  is  more 
4 fiat  and  open  ; they  then  expand,  and  become 
4 again  invifible.  But  they  are  foon  pufhed 
4 againft  another  ridge  of  mountains  by  frefh 

* Tom.  i.  p.  224. 
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4 clouds  coming  up  behind  them  ; and  in  this 
4 manner  they  proceed  till  they  arrive  with  vaft 
4 impetuofity  at  the  top  of  the  higheft  moun- 
4 tains  of  the  Cape,  which  are  thofe  of  the 
4 Wind  or  of  the  Table,  where  they  are  met  by  a 
4 wind  blowing  in  the  very  oppofite  direction. 

4 Here  a dreadful  conflid  enfues.  The  vapours 
4 are  prefled  both  before  and  behind,  which  pro- 
4 duces  terrible  whirlwinds,  either  on  the  moun- 
4 tains  of  the  Table , or  in  the  valleys.  When  the 
4 north-weft  wind  yields,  that  of  the  fouth-eaft 
4 increafes,  and  continues  to  blow  with  more  or 
4 lefs  violence  for  fix  months.  When  the  Ox's 
4 Eye  is  thick,  the  force  of  the  fouth-eaft  wind 
4 augments,  becaufe  the  vapours  amafled  behind 
4 the  mountains  continually  prefs  forward  ; for 
4 the  fame  reafon,  this  wind  diminifhes  when 
4 the  Ox's  Eye  is  thin  • and  it  entirely  ceafes 
4 when  the  Ox's  Eye  vanifhes,  becaufe  no  va- 
4 pours  arrive  from  the  eaft. 

4 The  circumftances  attending  this  phæno- 
4 menon  lead  to  the  following  hypothefis  : 
4 i.  Behind  the  mountain  of  the  Table,  a train 
4 of  thin  white  vapour  is  obferved,  which  com- 
4 mences  on  the  eaftern  declivity  of  this  moun- 
4 tain,  ends  in  a fharp  point  at  the  fea,  and  occu- 
4 pies,  in  its  extent,  the  whole  mountains  of 
4 Stone . I have  often  contemplated  this  train, 
4 and  imagined  it  to  originate  from  the  rapid 
4 motion  of  the  vapour  above  defcribed,  from 
4 the  mountains  of  Stone  to  thofe  of  the  Table . 

4 The 
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4 2.  The  paffage  of  thefe  vapours  mu  ft  be  ex- 
4 tremely  embarraffed  by  the  contrary  ftiocks 
4 received,  not  only  from  the  mountains,  but 
4 from  the  foutli  and  eaft  winds  which  prevail 
4 in  the  neighbourhood  of  the  Cape.  I have  al- 
4 ready  mentioned  the  two  mountains  fituated 
4 on  the  points  of  Falfe  Bay , the  one  called  the 
4 Hanging  Lip , the  other  the  Norvège . When 
4 the  particles  or  vapours,  which  I have  conjec- 
4 tured,  are  puflhed  againft  thefe  mountains  by 
4 the  eaft  winds,  they  are  repelled  by  the  fcuth 
4 winds  and  driven  againft  the  neighbouring 
4 mountains,  where  they  are  detained  for  fome 
4 time,  and  appear  like  clouds,  as  they  often  do 
4 upon  the  mountains  of  Falfe  Bay , and  even  be- 
4 yond  them.  Thefe  clouds  are  frequently  very 
4 thick  above  the  land  in  the  pofleffion  of  the 
4 Dutch,  upon  the  mountains  of  Stellenbofck , of 
4 Drakenfein , and  of  Stone , but  efpecially  upon 
4 the  mountains  of  the  Fable  and  of  the  DeviL 

4 Laftly,  The  confiant  appearance  of  fmall 
4 black  clouds  upon  the  Lion  s Head  two  or  three 
4 days  before  the  fouth-eaft  wind  blows,  confirms 
4 me  in  my  conje&ure;  for  thefe  clouds,  in  my 
4 opinion,  are  compofed  of  the  particles  or  vapour 
4 mentioned  above.  If  the  north-weft  wind  pre- 
4 vails  when  thefe  particles  arrive,  their  courfe 
4 is  flopped  ; but  they  are  never  driven  to  any 
4 great  diftance  till  the  fouth-eaft  wind  com- 
4 mences,’ 

The  navigators  who  firft  approached  the  Cape 
of  Good  Hope,  were  ignorant  of  the  effe&s  of 

thefe 
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thefe  clouds,  which  feemed  to  arife  fiowly  and 
without  any  agitation  in  the  air,  but  which,  in 
a moment,  excite  the  mo  ft  furious  tempefts,  and 
precipitate  the  largeft  veflels  to  the  bottom  of 
the  ocean.  In  the  country  of  Natal,  a cloud,  fi- 
milar  to  the  Ox’s  Eye  at  the  Cape,  produces  the 
fame  direful  effects.  Thefe  fpecies  of  tempefts 
are  frequent  in  the  Atlantic,  efpecially  in  the 
neighbourhood  of  the  Equator.  Near  the  coaft 
of  Guiney,  three  or  four  of  thefe  ftorms  fome- 
times  happen  in  a day,  which  are  likewife  occa- 
fioned  and  announced  by  fmall  black  clouds, 
while  the  reft  of  the  fky  is  generally  ferene, 
and  the  fea  perfectly  calm.  It  is  principally  in 
April,  May,  and  June,  that  thefe  furious  ftorms 
arife  along  the  coaft  of  Guiney,  becaufe  no  re- 
gular winds  blow  there  at  that  feafon.  On  the 
coaft  of  Loango,  the  ftormy  feafon  is  in  the 
months  of  January,  February,  March,  and  April, 
At  Cape  Gardafu,  on  the  other  fide  of  Africa, 
they  have  ftorms  of  this  kind  in  May,  and 
the  clouds  which  produce  them  are  generally 
in  the  north,  like  thofe  of  the  Cape  of  Good 
Hope. 

All  thefe  ftorms  originate  from  winds  which 
iffue  from  a cloud  ; and  their  diredion  is  from 
north  to  fouth,  or  from  north-eaft  to  fouth-weft, 
&c.  But  there  are  tempefts  of  another  kind, 
called  Whirlwinds,  which  are  ftill  more  violent, 
and  in  which  the  wind  feems  to  blow  from  every 
quarter  at  once.  Their  motion  is  circular, 
and  nothing  can  refill  their  fury.  They  are 

generally 
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generally  preceded  by  a dead  calm  ; but,  in  an 
inftant,  the  waves  are  elevated  to  the  clouds  by 
the  fury  of  the  winds.  Some  parts  of  the  fea 
cannot  be  approached  ; becaufe  they  are  perpe- 
tually infefted  either  with  calms  or  whirlwinds* 
Thefe  places  have  been  called  calms  and  torna- 
dos by  the  Spaniards.  The  mod  confiderable 
of  them  are  near  Guiney,  about  the  2d  or  3d 
degree  of  north  latitude.  They -extend  about 
300  or  350  leagues  in  length,  and  nearly  as 
much  in  breadth,  which  includes  .a  fpace  of  more 
than  100,000  fquare  leagues. 

When  contrary  winds  arrive  at  the  fame  time 
in  the  fame  place,  they  produce  whirlwinds, 
by  the  oppofite  motion  of  the  air,  in  the  fame 
manner  as  whirlpools  are  produced  in  the  fea 
by  contrary  currents.  But  when  thefe  oppo- 
fite winds  are  counterbalanced  by  their  diftant 
action  upon  each  other,  they  then  revolve  in  a 
great  circle,  and  produce  a perfect  calm,  which 
it  is  impoffible  for  veflels  to  navigate.  Thefe 
places  are  all  marked  in  the  globes  of  Mr.  Se-r 
nex.  I am  inclined  to  think,  that  the  contrariety 
of  winds  alone,  if  not  aflifted  by  the  direc- 
tion of  the  coaft,  and  the  particular  ftructure 
of  the  bottom  of  ‘the  fea  in  thefe  places,  could 
not  produce  this  effedt  I imagine  that  the  cur- 
rents, which  are  in  effeâ;  occafioned  by  the 
winds,  but  affume  their  direction  from  the 
figure  of  the  coafts  and  the  inequalities  at  the 
2 bottom, 
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bottom,  terminate  in  thefe  places  ; and  that  their 
oppofite  motions,  in  a plain  furrounded  with  a 
chain  of  mountains,  give  rife  to  the  tornados  in 
queftion. 

Whirlpools  feem  to  be  nothing  elfe  but  cir- 
cular motions  of  the  waters  occafioned  by  the 
a&ion  of  two  or  more  oppofite  currents.  The 
Euripus,  fo  famed  by  the  death  of  Ariftotle,  al- 
ternately abforbs  and  reje&s  the  vrater  feven 
times  every  24  hours.  This  whirlpool  is  near 
the  coaft  of  Greece.  Charybdis,  which  lies  near 
the  ftraits  of  Sicily,  rejects  and  abforbs  the  wa- 
ter thrice  in  24  hours.  We  are  uncertain  as  to 
the  number  of  alternate  motions  in  other  whirl- 
pools. Dr.  Placentia  informs  us,  that  the  mo- 
tions of  the  Euripus  are  irregular  for  18  or  19 
days  every  month,  and  regular  during  the  other 
ï 1 ; and  that  it  feldom  fwells  above  one,  or  at 
moft  two  feet.  He  farther  informs  us,  that  au- 
thors are  not  agreed  as  to  the  tides  in  the  Eu- 
ripus ; that  fome  fay  it  is  twice,  others  feven 
times,  fome  11,  others  12  or  14  times  in  24 
hours  ; but  that  Loirius,  who  examined  it  at- 
tentively, found  that  the  tides  rofe  regularly 
every  fix  hours,  and  that  their  motion  wTas  fuffi- 
cient  to  turn  a mill-wheel. 

The  largeft  known  whirlpool  is  in  the  fea  of 
Norway,  the  circumference  of  which  exceeds 
20  leagues.  It  abforbs,  for  fix  hours,  water, 
whales,  fhips,  and  any  thing  that  approaches  it, 

and 
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and  the  next  fix  hours  are  employed  in  throw- 
ing them  up  again. 

To  account  for  thefe  whirlpools,  it  is  unne- 
ceflary  to  have  recourfe  to  an  abyfs,  or  to  pits  in 
the  bottom  of  the  fea,  which  are  perpetually 
fwallowing  the  waters.  It  is  well  known,  that, 
when  water  runs  in  two  directions,  the  combi- 
nation of  thefe  motions  produces  a whirling,  and 
exhibits  the  appearance  of  a void  fpace  in  the 
middle.  In  the  fame  manner,  whirlpools  in  the 
fea  are  occafioned  by  two  or  more  contrary  cur- 
rents, and,  as  the  tides  are  the  principal  caufe  of 
currents,  and,  of  courfe,  they  rim  for  fix  hours 
in  contrary  directions,  it  is  not  furprifing,  that 
the  whirlpools  which  are  produced  by  them  fhould 
alternately  rejeCt  and  abforb  every  thing  within 
their  reach  during  the  fame  portion  of  time. 

Whirlpools,  then,  are  occafioned  by  contrary 
currents,  and  whirlwinds  by  the  conflict  of 
contrary  winds.  Thefe  whirlwinds  are  com- 
mon in  the  Chinefe  and  Japanefe  feas,  near  the 
Antilles,  and  in  many  other  places  of  the  ocean, 
particularly  in  the  neighbourhood  of  prominent 
coafts.  But  they  are  ftill  more  frequent  upon 
land  ; and  their  effeCls  are  fometimes  prodigious. 
4 I have  feen,’  fays  Bellarmin  i an  enormous 
4 ditch  fcooped  out  by  the  wind,  tranfported  in 
4 the  air,  and  dropped  upon  a village,  which  was 
4 for  ever  buried  under  this  load  of  earth.’  A 
detail  of  the  effeds  of  feveral  hurricanes  may  be 

# De  Afcenfu  Mentis  in  Deurn, 
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feen  in  the  Hiftory  of  the  French  Academy,  and 
in  the  Philofophical  Tranfactions,  which  would 
appear  altogether  inconceivable,  if  they  were  not 
attefted  by  intelligent  and  credible  fpe&ators. 

The  fame  obfervation  may  be  made  with  re- 
gard to  water-fpouts,  which  the  mariner  never 
beholds  without  terror  and  amazement.  They 
are  common  on  certain  coafts  of  the  Mediter- 
ranean, efpecially  Vvheri  the  weather  is  cloudy, 
and  the  wind  blows  from  feveral  quarters  at  the 
fame  time.  They  are  more  frequent  near  the 
coafts  of  Laodicea,  of  Grecgo,  and  of  Carmel, 
than  in  any  other  part  of  the  Mediterranean. 
Moft  of  them  are  large  cylinders  of  water  which 
fall  from  the  clouds,  though,  at  a diftance,  the 
water  appears  to  rife  up  from  the  fea  to  the 
clouds*. 

But  there  are  two  fpecies  of  water-fpouts  ; 
the  firft  is  that  we  have  juft  mentioned,  and  is 
nothing  but  a thick  cloud  comprefled,  and  fur- 
rounded  by  oppofite  winds  blowing  from  dif- 
ferent quarters  at  the  fame  time,  which  make  it 
afllime  a cylindric  figure,  and  fall  down  by  its 
own  gravity.  The  quantity  of  water  is  fo  im- 
menfe,  and  the  rapidity  of  the  fall  fo  great,  that 
if,  unfortunately,  one  of  thefe  ipouts  break  upon 
a (hip,  it  is  dafhed  to  pieces,  and  finks  in  an 
inftant.  It  is  alledged,  and  with  probability, 
that  water-fpouts  may  be  broken  and  diffipated 
by  the  commotion  excited  in  the  air  by  the 


* See  Shaw’s  Travels. 
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firing  of  cannons,  which  correfponds  with  the 
diffipation  of  thunder-clouds  by  the  ringing  of 
bells. 

The  other  fpecies  of  water-fpout  is  called  a 
typhon , and  is  very  frequent  in  the  Chinefe  Sea. 
The  typhon  defcends  not  from  the  clouds,  nor 
is  it  produced  by  the  adlion  of  oppofite  winds- 
On  the  contrary,  it  rifes  from  the  water  to  the 
heavens  with  amazing  rapidity.  Whirlwinds 
often  run  along  considerable  tra&s,  bearing 
down  houfes,  trees,  and  every  obftacle  that  they 
meet  with.  But  typhons  remain  always  in  the 
fame  places,  and  can  be  owing  to  nothing  but 
fubterraneous  fires  ; for  the  fea  is  then  in  the 
greateft  agitation,  and  the  air  is  fo  impregnated 
with  fulphureous  exhalations,  that  the  iky  ap- 
pears to  be  covered  with  a copper- coloured  cruft, 
although  there  be  no  clouds,  and  the  fun  or  the 
ftars  appear  through  the  vapour.  It  is  to  thefe 
fubterranean  fires  that  we  muft  afcribe  the 
warmth  of  the  Chinefe  Sea  in  winter,  where 
thefe  typhons  are  very  frequent*. 

Thevenot,  in  his  voyage  to  the  eaft,  gives 
the  following  account  of  water- fpouts:  6 We  faw 
4 water-fpouts  in  the  Perfic  gulf,  between  the 
4 iflands  of  Quefomo,  Lareca,  and  Ormutz.  Few 
4 have  had  the  opportunity  of  obferving,  and 
4 fewer  ftill  have  paid  the  attention  to  water- 
4 fpouts,  that  I have  done.  Ifhall  defcribethem 

* See  A£ta  erud.  Lipf.  fupplem.  tom.  i.  p.  405# 
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4 with  perfpicuity  and  fimplicity,  in  order  'to 
4 render  my  account  the  more  intelligible. 

4 The  firft  that  we  faw,  was  on  the  north  fide 
4 between  us  and  the  ifland  of  Quefomo,  about 
4 a gun-fhot  from  our  fhip.  In  this  place,  we 
4 faw  the  water  begin  to  boil,  and  to  be  raifed 
4 about  a foot  above  the  furface  ; It  was  whitifti, 
4 and  the  top  of  it  appeared  like  black  fmoke  : 
4 It  made  a kind  of  whifpering  noife,  like  a tor- 
4 rent  ruftiing  down  with  violence  into  a deep 
4 valley.  This  noife  was  mingled  with  another 
4 that  refembled  the  hiding  of  ferpents.  A little 
4 afterwards,  we  faw  an  obfeure  canal  or  pipe^ 
4 which  refembled  fmoke  rifing  to  the  clouds, 
4 and  revolved  with  confiderable  velocity  : This 
4 pipe  was  about  the  fize  of  a man's  finger  ; and 
4 the  fame  noife  continued.  It  then  vaniftied, 
4 having  continued  in  all  about  a quarter  of  an 
4 hour.  We  then  perceived  another  on  the 
4 fouth,  which  began  in  the  fame  manner  as  the 
4 former  : Immediately  a third  fprung  up  to  the 
4 weft,  and  then  a fourth  likewife  to  the  weft  ; 
4 the  moft  diftant  from  us  not  exceeding  a mufket- 
4 fhot.  Each  of  them  appeared  like  heaps  of 
4 fmoking  ftraw,  and  were  accompanied  with 
4 the  fame  noife  as  the  firft.  We  next  perceiv- 
4 ed  three  pipes,  or  canals,  extending  from  the 
4 wTater  to  the  clouds,  where  each  of  them  ter- 
4 minated  like  the  mouth  of  a*  funnel  or  trum- 
4 pet,  or  like  the  paps  of  an  animal  drawn  per- 
4 pendicularly  downward  by  a weight.  Thefe 

4 pipes 
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4 pipes  were  of  a dark  white  colour,  which  I 
4 imagined  to  be  owing  to  the  water  they  con- 
4 tained  ; for  the  pipes  appeared  to  be  formed 
4 before  they  were  filled  with  the  water,  and 
4 they  difappeared  when  they  were  empty  ; in 
4 the  fame  manner  as  a cylinder  of  clear  glafs, 
4 when  held  up  in  the  light  at  a diftance  from 
4 the  eye,  [is  not  vifible,  unlefs  it  be  filled  with 
4 fome  coloured  liquor.  Thefe  pipes  were  not 
4 ftraight,  but  bent  in  fome  places  : They  were 
4 not  even  perpendicular  ; on  the  contrary,  from 
4 the  clouds  into  which  they  were  ingrafted,  to 
4 the  places  from  which  they  extracted  the  wa- 
4 ter,  they  were  very  much  inclined.  And, 
4 what  is  fmgular,  the  cloud  to  which  the  fécond 
4 of  the  three  was  attached,  having  been  pufhed 
4 forward  by  the  wind,  the  pipe  followed  it 
4 without  breaking,  or  quitting  its  Ration  in  the 
4 water;  and,  paffing  behind  the  pipe  of  the  firft, 
4 they  remained  for  fome  time  in  the  form  of  a 
4 St.  Andrew’s  crofs.  At  firft,  none  of  the  three 
4 exceeded  an  inch  in  thicknefs,  except  where 
4 they  joined  the  cloud:  But  the  one  that  ap- 
4 peared  firft,  fwelled  afterwards  confiderably. 
4 The  other  two  continued  not  longer  than  the 
4 one  we  had  feen  to  the  north.  The  fécond, 
4 on  the  fouth,  lafted  about  a quarter  of  an 
4 hour  ; but  the  firft,  on  the  fame  fide  of  the 
4 veflel,  continued  longer,  and  gave  us  fome  un- 
4 eafinefs.  Concerning  it,  therefore,  we  have  ftill 
4 farther  to  remark,  that,  although  it  originally 
vol.  i.  c c 4 was 
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4 was  not  larger  than  a man’s  finger,  it  gradually 
4 fwelled  to  the  fize  of  an  arm,  then  to  that  of  a 
4 leg,  and,  laJU)\  to  that  of  the  trunk  of  a tree  as 
4 large  as  a man  could  encompafs  with  both  his 
4 arms.  We  faw  the  water  rifing  diftindlly 
4 through  this  tranfparent  body,  which  was  of  a 
4 ferpentine  form  ; and  itfometimes  diminished  in 
4 thicknefs  both  above  and  below.  It  now  ex- 
4 adlly  refembled  a foft  tube  filled  with  water, 
4 and  prefled  with  the  fingers,  either  above  to 
4 make  the  fluid  defcend,  or  below  to  make  it 
4 afcend  ; and  I was  fatisfied  that  thefe  variations 
4 were  occafioned  by  the  wind,  which,  when  it 
4 prefled  the  canal  above,  caufed  the  water  to  de- 
4 fcend,  and  when  the  preflure  was  lower  down 
4 made  the  water  afcend.  After  this,  it  dimi- 
4 niflied  to  the  fize  of  a man’s  arm  ; then  it  fwel- 
4 led  to  the  fize  of  a thigh  ; then  became  ex- 
4 eeedingly  fmall  ; laftly , I perceived  that  the 
4 water  elevated  from  the  furface  began  to  fink, 
4 and  the  end  of  the  canal  feparated  from  it  ; 
c when  a variation  of  the  light  removed  it  from 
4 my  view.  I ftill,  however,  continued  to  look 
4 for  it,  becaufe  I had  remarked,  that  the  canal 
4 of  the  fécond  fpout  appeared  to  break  in  the 
4 middle,  and  to  reunite  a little  afterwards,  one 
4 half  of  it  having  been  concealed  by  the  light  ; 
4 but  this  lafi:  never  more  appeared. 

4 Thefe  fpouts  are  exceedingly  dangerous  at’ 
4 fea;  for,  when  they  fall  upon  a veflel,  they 
4 mingle  fo  with  the  fails,  that  they  fometimes 

4 raife 
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* raife  the  veffel  up,  and  let  it  fall  back  again 
4 with  fuch  violence  as  to  fink  it.  But,  although 
4 they  fhould  not  raife  the  fhip,  they  tear  the 
c fails,  or  let  the  whole  water  they  contain  fall 
4 upon  the  veffel,  which  precipitates  it  to  the 
4 bottom.  It  is  not  improbable,  that  many  vef- 
4 fels,  of  which  we  never  “have  any  accounts, 
4 perifh  by  fuch  accidents,  for  there  are  few 
4 examples  of  our  ever  learning  with  certainty 
4 of  fhips  being  loft  in  this  manner.5 

The  above  account  of  water-fpouts  feems  to 
have  proceeded  from  feveral  optical  illufions. 
But  I have  related  the  fads  verbatim , that  they 
may  either  be  confirmed,  or  at  leaft  compared, 
with  thofe  of  other  navigators.  M.  Gentil,  in  his 
voyage  round  the  world,  defcribes  water-fpouts 
in  the  following  manner  : 4 At  eleven  o’clock, 
4 before  noon,  the  Iky  being  cloudy,  we  faw 
4 around  our  Ihip,  at  the  diftance  of  about  a quar- 
4 ter  of  a league,  fix  wTater~fpouts,  which  began 
4 with  a noife  like  that  of  water  running  below 
4 ground,  and  gradually  increafed  till  it  refembled 
4 the  hiffmg  noife  occafioned  by  a high  wind 
4 among  the  ropes  of  a fhip.  We  firft  perceived 
4 that  the  fea  began  to  boil  ; and  its  furface  rofe 
4 about  a foot  and  a half  ; the  top  of  this  ele- 
4 vated  part  wras  covered  with  a thick  fog,  or 
4 rather  fmoke,  which  formed  itfelf  into  a canal, 
4 and  mounted  to  the  clouds.  Thefe  canals 
4 bended  according  as  the  wind  carried  the 
4 clouds  to  which  they  were  attached.  Not- 
c c 2 4 withftanding 
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4 withftanding  the  motion  communicated  to  the 
c clouds  by  the  wind,  the  canals  not  only  ad- 
4 hered  to  them,  but  feemed  to  ftretch  but,  or 
4 contrat,  in  proportion  as  the  clouds  rofe  high- 
4 er,  or  funk  down  in  the  atmofphere. 

4 Thefe  appearances  gave  us  much  uneafmefs; 
c and  our  failors,  inftead  of  encouraging  each 
4 other,  increafed  their  fears  by  dreadful  ftories* 
4 If  thefe  fpouts,  faid  they,  fall  upon  the  fhip, 
4 they  will  lift  her  up,  and  then  plunge  her  to 
4 the  bottom.  Others  maintained,  with  a deci- 
4 five  tone,  that  they  would  not  lift  the  veffel  ; 
4 but  that,  being  full  of  water,  if  the  fhip  went 
4 forward,  fhe  would  break  their  communication 
4 with  the  fea,  and  that  the  great  body  of  water, 
4 by  falling  perpendicularly  on  the  veffel,  would 
4 break  her  in  pieces. 

4 To  prevent  this  misfortune,  they  lowered 
4 the  fails,  and  charged  the  cannon.  It  is  a ge- 
4 neral  opinion  among  failors,  that  the  firing  of 
4 cannon,  by  agitating  the  air,  burfls  and  dif- 
4 perfes  water-fpouts.  But  we  were  not  under 
4 the  neceffity  of  having  recourfe  to  this  expedi- 
4 ent  ; for,  after  courfing  round  the  fhip  for 
4 about  ten  minutes,  fome  being  about  a quarter 
4 of  a league  from  us,  and  others  nearer,  ther 
4 canals  became  gradually  narrower,  detached 
4 themfelves  from  the  furface  of  the  fea,  and  then 
4 entirely  vanifhed  'V 


* Tom.  i.  p.  i^i. 
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From  the  defcription  of  thefe  two  voyagers, 
It  appears,  that  water-fpouts  are  produced,  at 
lead  in  part,  by  the  a&ion  of  fire  or  fmoke, 
which  rifes  with  violence  from  the  bottom  of  the 
fea  ; and  that  they  are  very  different  from  thofe 
which  are  occafioned  by  oppofite  winds:  4 The 
4 water-fpouts,’  fays  Mr.  Shaw*,  which  I had 
4 the  opportunity  of  feeing,  feemed  to  be  fo 
4 many  cylinders  of  water  falling  down  from  the 
4 clouds;  though,  by  the  refle&ion,  it  may  be 
4 of  thofe  defcending  columns,  or  from  the  ac- 
4 tual  dropping  of  the  water  contained  in  them, 

4 they  would  fometimes  appear,  efpecially  at  a 
4 didance,  to  be  fucked  up  from  the  fea.  Nothing 
4 more,  perhaps,  is  required  to  explain  this  phæ- 
4 nomenon,  than  that  the  clouds  fhould  be  firft 
4 of  all  crouded  together,  and  then,  that  contrary 
4 winds,  prefling  violently  upon  them,  fhould 
4 occafion  them  to  condenfe,  and  fall  in  this  cy- 
4 lindrical  manner.’ 

Many  fads  remain  dill  to  be  known  before 
thefe  phænomena  can  be  properly  explained.  To 
me  it  appears,  that,  if  there  be,  in  particular 
places,  at  the  bottom  of  the  fea,  a mixture  of 
fulphur,  bitumen,  and  mineral  fubdances,  thefe 
may  occafionally  be  inflamed,  which  will  pro- 
duce, like  the  explofion  of  gun-powder,  a great 
quantity  of  air;  and  that  this  air  newly  gene- 
rated, and  rarefied  to  a prodigious  degree,  mounts 
with  rapidity,  and  may  elevate  the  water  from 


* Shaw’s  Travels,  p.  334. 
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the  fea  to  the  clouds.  In  the  fame  manner,  if  a 
perpendicular  current  of  air  be  produced  by  the 
explofion  of  fulphureous  matter  in  a cloud,  the 
whole  of  its  water  may  follow  this  current,  and 
give  rife  to  a water-fpout  from  the  clouds  to  the 
fea.  But,  it  mu  ft  be  acknowledged,  that  this 
account  of  the  laft  fpecies  of  fpout  is  not  more 
fatisfadory  than  that  which  we  have  given  of 
thofe  produced  by  contrary  winds  ; for,  it  may 
be  alked,  why  thofe  fpouts,  which  originate  from 
the  clouds,  are  not  as  common  on  land  as  upon 
the  fea? 

The  hiftorian  of  the  academy  for  the  year 
1727,  mentions  a land  water-fpout  that  ap- 
peared at  Capeftan  near  Re'ziers.  It  defcended 
from  a cloud  like  a black  pillar,  which  gradually 
diminiihed,  and  lended  in  a point  upon  the  fur- 
face  of  the  earth.  It  followed  the  direction  of 
the  wind,  which  was  wefterly;  it  was  attended 
with  a thick  fmoke,  and  made  a noife  like  the 
fea  when  greatly  agitated.  It  tore  up  trees  by 
the  roots,  and  marked  its  way  on  the  earth  by 
a large  trad:  in  which  three  carriages  might  have 
pafied  each  other.  Another  pillar  of  the  fame 
kind  appeared,  but  it  foon  joined  thefirft;  and, 
when  the  whole  was  diffipated,  there  fell  a great 
quantity  of  hail. 

This  fpecies  of  water-fpout  appears  to  be  dif- 
ferent from  the  other  two.  It  is  not  faid  to  have 
contained  water;  and  it  feems,  both  from  what 
I have  mentioned,  and  by  M.  Andoque’s  expli- 
cation 
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cation  of  it  to  the  academy,  to  have  been  only 
a hurricane  rendered  vifible  bytheduft  and  con- 
denfed  vapour  which  it  contained.  The  fame 
hiftorian,  for  the  year  1741,  mentions  a water- 
fpout  which  was  feen  upon  the  lake  of  Geneva. 
It  was  of  a cylindrical  figure,  the  upper  part  of 
which  ended  in  a black  cloud,  and  the  under 
part  of  it  was  narrow,  and  terminated  near  the 
furface  of  the  water.  This  meteor  continued 
only  a few  minutes;  and,  at  the  moment  of  its 
diflipation,  a thick  vapour  afcended  from  the 
place  where  it  firft  appeared  ; the  water  of  the 
lake  boiled,  andfeemed  to  make  an  effort  to  rife 
into  the  air,  which  was  very  calm  the  whole 
time;  neither  was  this  fpout  followed  either  by 
wind  or  rain.  4 After  all  our  knowledge  of  water- 
4 fpouts,’  fays  the  hiftorian,  4 does  not  this  prove 
4 that  they  are  not  produced  by  the  conflict:  of 
4 oppofite  winds  alone,  but  that  they  almoft  al- 
4 ways  originate  from  volcano’s  or  fubterrane- 
6 ous  vapours,  which  are  known  to  exift  at  the 
4 bottom  of  the  fea,  as  well  as  upon  land? 
4 Whirlwinds  and  hurricanes,  therefore,  which 
4 .are  generally  believed  to  be  the  caufe  of  thefe 
4 appearances,  may  be  only  an  effedt  or  an  acci- 
4 dental  confequence  of  them.’ 
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ARTICLE  XVI. 


Of  Volcano's  and  Earthquakes . 

HE  bowels  of  thofe  burning  mountains 


called  Volcano's  contain  fulphur,  bitumen, 
and  other  inflammable  materials,  the  effects  of 
which  are  more  violent  than  thofe  of  thunder 
or  of  gun-powder  ; and  they  have,  in  all  ages, 
aftoniflied  mankind,  and  defolated  the  earth.  A 
volcano  is  an  immenfe  cannon,  with  an  aperture 
often  more  than  half  a league  in  circumference. 
From  this  vaft  mouth  are  projected  torrents  of 
fmoke  and  of  flames,  rivers  of  bitumen,  of  ful- 
phur, and  of  melted  metals,  clouds  of  afhes  and 
ftones;  and  fometimes  it  ejefts,  to  the  diftance 
of  feveral  leagues,  rocks  fo  enormous,  that  they 
could  not  be  moved  by  any  combination  of  hu- 


man 
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man  force.  The  conflagration  is  fo  dreadful, 
and  the  quantities  of  burning,  calcined,  melted, 
and  vitrified  fubftances  thrown  out  by  the  moun- 
tain, are  fo  great,  that  they  bury  whole  towns 
and  forefts,  cover  the  plains  to  the  thicknefs 
of  a hundred  or  two  hundred  feet,  and  fome- 
times  form  hills  and  mountains,  which  are  only 
portions  of  thefe  matters  heaped  up  and  com- 
pacted into  one  mafs.  The  aCtion  of  the  fire  and 
the  force  of  the  explofions  are  fo  violent,  that 
they  produce  by  reaction,  fuccuffions,  which 
(hake  the  earth,  agitate  the  fea,  overturn  moun- 
tains, and  deftroy  towns  and  buildings  of  the 
moft  folid  materials. 

Thefe  eflfeCts,  though  natural,  have  been  re- 
garded as  prodigies;  and,  though  we  often  be- 
hold, in  miniature,  effeCts  fimilar  to  thofe  of  vol- 
cano’s ; yet  grandeur,  from  whatever  fource  it 
proceeds,  has  fuch  an  aftonifhing  influence  upon 
the  imagination,  that  it  is  not  furprifing  they 
fhould  have  been  confidered  by  fome  authors  as 
vents  to  a central  fire,  and,  by  the  vulgar,  as 
mouths  of  hell.  Aftonifhment  produces  fear, 
and  fear  is  the  fource  of  fuperftition.  The  in- 
habitants of  Iceland  believe  that  the  groanings 
of  their  volcano  are  the  cries  of  the  damned, 
and  that  its  eruptions  are  occafioned  by  the  de- 
fperation  and  ungovernable  fury  of  devils  and 
tormented  fpirits. 

All  thefe  phænomena,  however,  are  only  the 
effeCts  of  fire  and  of  fmoke.  In  the  bowels  of 
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mountains,  there  are  veins  of  fulphur,  bitumen, 
and  other  inflammable  fubftances,  together  with 
vaft  quantities  of  pyrites,  which  ferment  when 
expofed  to  the  air  or  moifture,  and  produce 
exploitons  proportioned  to  the  quantity  of  in- 
flammable matter.  This  is  the  true  idea  of  a 
volcano  ; and  it  is  eafy  for  the  naturalift  to  imi- 
tate the  operation  of  theie  fubterraneous  fires. 
A mixture  of  fulphur,  of  filings  of  iron,  and  of 
water,  buried  at  a certain  depth  below  the 
ground,  will  exhibit,  in  miniature,  all  the  ap- 
pearances of  a volcano  : This  mixture  foon  fer- 
ments to  a degree  of  inflammation,  throws  off 
the  earth  and  ftones  which  cover  it,  and  produces 
explofions  every  way  fimilar  to  thofe  of  burn- 
ing mountains. 

The  mod  famous  volcano’s  in  Europe  are 
thofe  of  Mount  Ætna  in  Sicily,  of  Mount  Hecla 
in  Iceland,  and  of  Mount  Vefuvius,  near  Naples 
in  Italy.  The  burning  of  Mount  Ætna  is  more 
ancient  than  the  records  of  hiftory.  Its  erup- 
tions are  extremely  violent  ; and  the  quantity 
of  matter  it  throws  out  is  fo  enormous,  that,  af- 
ter digging  68  feet  deep,  marble  pavements,  and 
other  veftiges  of  an  ancient  city,  have  been 
found  covered  with  this  amazing  load  of  eje&ed 
matter,  in  the  fame  manner  as  the  town  of  Her- 
culaneum has  been  buried  with  the  matter  thrown 
out  from  Mount  Vefuvius.  New  mouths,  or 
craters,  were  opened  in  Ætna  in  the  years  i6505 
1669,  and  at  other  times.  The  Imoke  and 
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flames  of  this  volcano  are  feen  as  far  as  Malta, 
a diftance  of  60  leagues  : It  fends  forth  a perpe- 
tual fmoke,  and,  at  particular  times,  it  throws 
out,  with  aftoniihing  violence,  flames,  lava, 
huge  Rones,  and  matter  of  every  kind.  An 
eruption  of  this  volcano,  in  the  year  1537,  pro- 
duced an  earthquake  over  the  whole  ifland  of 
Sicily,  which  lafted  x 2 days,  and  overthrew  an 
immenfe  number  of  houles  and  public  buildings. 
It  terminated  by  the  burfting  of  a new  mouth, 
the  lava  of  which  burnt  up  every  thing  within 
five  leagues  of  the  mountain.  It  difcharged 
afhes  fo  abundantly,  and  with  fuch  force,  that 
they  reached  the  coaft  of  Italy,  and  incommoded 
vefiels  at  great  diftances  from  the  illand.  This 
volcano  has,  at  prefent,  two  principal  craters, 
one  of  which  is  narrower  than  the  other.  They 
both  fmoke  perpetually;  but  flames  only  appear 
during  the  time  of  eruptions.  Large  (tones,  it  is 
faid,  have  been  projected  from  them  to  the  dif- 
tance of  60,000  paces. 

A violent  eruption,  in  1683,  produced  a 
dreadful  earthquake  in  Sicily.  It  laid  the  whole 
city  of  Catanea  in  ruins,  and  deftroyed  more  than 
60,000  of  its  ' inhabitants,  befide  thofe  who 
peri fhed  in  the  neighbouring  towns  and  villages. 

Hecla  darts  its  fires  through  the  fnows  and 
ice  of  a frozen  climate.  Its  eruptions,  how- 
ever, are  equally  violent  with  thofe  of  Ætna, 
and  other  volcano’s  in  the  more  fouthern  regions. 
It  throws  out  allies,  lava,  pumice-ftones,  and 
6 fometimes 
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fometimes  boiling  water.  The  whole  ifland  of 
Iceland  abounds  in  fulphur  ; but  it  is  not  habit- 
able within  lefs  than  fix  leagues  of  the  volcano. 
The  hiftory  of  its  moft  violent  eruptions  is  re- 
corded in  a book  written  by  Ditbmar  Bleffken . 

According  to  hiftorians,  the  burning  of  Mount 
Vefuvius  began  not  before  the  feventh  confulate 
of  Titus  Vefpafian  and  Flavius  Domitian.  The 
top  of  the  mountain  then  opened,  and  at  firft 
threw  out  ftones  and  rocks.  Thefe  were  fuc- 
ceeded  by  flames  and  lava  which  burnt  up 
two  neighbouring  cities,  and  volumes  of  fmoke 
fo  thick  as  to  darken  the  light  of  the  fun.  The 
elder  Pliny,  ftimulated  by  curiofity,  approached 
too  near  the  mountain,  and  was  fuffocated  by 
its  fulphureous  fleams*.  Dion  Caflius  relates, 
that  this  eruption  was  fo  violent,  that  afhes  and 
fulphureous  fleams  were  tranfported  as  far  as 
Rome,  and  acrofs  the  Mediterranean  into  Africa 
and  Egypt.  Heraclea  was  one  of  the  cities  that 
were  overwhelmed  by  the  matter  ejected  from 
the  mountain  : It  has  lately  been  difcovered  60 
feet  under  the  furface  of  the  ground,  which,  in 
the  courfe  of  time,  had  become  arable,  and  fit 
for  every  kind  of  culture.  The  hiftory  of  the 
difcovery  of  Heraclea  is  in  the  hands  of  the 
public.  We  have  only  to  wifh,  that  fome  perfon, 
{killed  in  the  knowledge  of  nature,  would  exa- 
mine with  attention  the  different  materials  which 
compofe  thefe  60  feet  of  earth,  and  remark  their 

* See  Pliny  the  Younger’s  Letter  to  Tacitus. 
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fituation,  the  alterations  they  have  undergone, 
the  dire&ion  they  have  followed,  the  hardnefs 
they  have  acquired,  &c. 

Naples  appears  to  be  fituated  upon  a vault, 
filled  with  burning  minerals  ; for  Vefuvius  and 
Solfatara  feem  to  have  fubterraneous  communi- 
cations. When  Vefuvius  throws  out  lava,  Sol- 
fatara emits  flames;  and,  when  the  eruptions  of 
the  former  ceafe,  the  burning  of  the  latter  is 
likewife  extinguifhed.  The  city  of  Naples  is 
nearly  in  the  centre  between  them. 

One  of  the  laft  and  moft  dreadful  eruptions 
of  Vefuvius  happened  in  the  year  1737*.  The 
mountain  difcharged,  from  feveral  mouths,  im- 
menfe  torrents  of  melted  matter,  which  fpread 
over  the  fields,  and  terminated  in  the  fea.  M. 
de  Montealegre,  who  communicated  this  account 
of  it  to  the  Academy  of  Sciences,  obferved,  with 
horror,  one  of  thefe  rivers  of  fire,  which,  from 
its  fource  to  the  fea,  was  about  7 miles  in  length, 
50  or  60  paces  broad,  from  25  to  30  palms 
deep,  and  in  the  valleys  1 20  palms.  The  running 
matter  refembled  foam,  or  the  drofs  which  iffues 
from  a furnace  f,  &c. 

In  Afia,  and  particularly  in  the  iflands  of  the 
Indian  ocean,  volcano’s  are  numerous.  One  of 
the  moft  famous  is  Mount  Albours,  near  Mount 
Taurus,  about  8 leagues  from  Herat,  The  top 

♦ This  volume  was  publifhed  in  the  year  1749.  Several 
eruptions  have  happened  fince  that  time.  See  Hamilton’s  Hif- 
tory  of  Vefuvius. 

f See  i’Hift,  del’Acad.  année,  1737»  p.7* 
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of  this  mountain  fends  forth  a perpetual  fmoke; 
and  it  frequently  throws  out  flames  and  burning 
matter,  in  fuch  quantities  as  to  cover  all  the  ad- 
jacent plains  with  afhes.  In  the  ifland  of  Ter- 
nate,  there  is  a volcano  which  difcharges  matter 
fimilar  to  pumice-ftones.  Some  voyagers  al- 
lege, th^t  this  volcano  is  mofl  furious  during 
the  equinoxes,  becaufe  thefe  periodsare  attended 
with  certain  winds  which  increase  the  inflam- 
mation of  thofe  fires  that  have  continued  to 
burn  for  ages'*.  The  ifland  of  Ternate  is  not 
above  7 leagues  round,  and  is  only  the  top  of  a 
large  mountain.  The  land  rifes  from  the  coaft 
to  the  middle  of  the  ifland,  where  the  volcano 
mounts  to  a height  fo  great,  that  it  is  difficult  to 
climb  to  its  top.  Several  rills  of  fweet  water 
defcend  from  the  fides  of  the  mountain  ; and, 
when  the  air  is  calm,  and  the  weather  fine,  this 
burning  gulf  is  lefs  agitated  than  during  ftorms 
and  high  winds  f . This  is  a confirmation  of  what 
I formerly  remarked,  and  feems  to  prove,  that 
the  fire  of  volcano’s  proceeds  not  from  a great 
depth,  but  from  the  top  or  higher  parts  of  the 
mountain  ; for,  if  it  were  other  wife,  high  winds 
could  not  increafe  the  violence  of  tiie  flames. 

There  are  other  volcano’s  in  the  Molucca  iflands. 
In  one  of  the  iflands  of  Mauritius,  about  70 
leagues  from  the  Moluccas,  there  is  a volcano, 
the  efxedls  of  which  are  equally  violent  as  thofe 

* See  Voyages  d’Argenfola,  tom.  i.  p.  2s. 

f See  Voyage  de  Schoutea. 
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of  the  mountain  at  Ternate.  The  ifland  of 
Sorca,  one  of  the  Moluccas,  was  formerly  inha- 
bited. In  the  middle  of  this  ifland  there  is  a 
very  high  mountain,  with  a volcano  at  its  film- 
mit.  In  1693,  this  volcano  difcharged  an  im- 
menfe  quantity  of  bitumen,  and  inflamed  mat- 
ter, which,  after  forming  a burning  lake,  gradu- 
ally extended  till  it  covered  the  whole  ifland*'. 

There  are  feveral  volcano’s  in  Japan,  and  the 
adjacent  iflands,  which  fend  out  flames  in  the 
night,  and  frnoke  in  the  day.  In  the  Philippine 
iflands,  there  are  likewife  feveral  burning  moun- 
tains. One  of  the  moft  remarkable,  and,  at  the 
fame  time,  the  moft  recent  volcano  in  the  Indian 
iflands,  is  that  near  the  town  of  Penarucan  in  the 
ifland  of  Java.  It  commenced  in  the  year  1586, 
and,  at  the  firft  eruption,  it  threw  out  immenfe 
quantities  of  fulphur,  bitumen,  and  ftones.  The 
fame  year,  Mount  Gounapi,  in  the  ifland  of 
Banda,  which  had  beem  a volcano  about  17 
years  only,  opened  and  ejected,  with  a dreadful 
noife,  rocks  and  matter  of  every  kind.  There 
are  ftiii  other  volcano’s  in  India,  as  in  Sumatra, 
and  in  the  north  of  Afia,  beyond  the  river  Je- 
nifcea,  and  the  river  Pefrda  : But  the  two  laft 
are  little  known. 

Near  Fez  in  Africa,  there  is  a mountain,  or 
rather  a cavern,  called  Beni-gua%eval , which 
conftantly  throws  out  frnoke,  and  fometimes 
flame.  One  of  the  Cape  de  Verd  iflands,  called 

* See  Phil.  Tranf,  Abridg.  vol,  ii.  p 391. 
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the  ifland  of  Fuogo , is  nothing  but  a huge 
mountain  which  burns  incefiantly.  This  vol- 
cano throws  out  ftones  and  allies  ; and  the  Por- 
tuguefe,  who  often  attempted  to  inhabit  the 
ifland,  have  always  abandoned  the  project,  on 
account  of  the  volcano.  The  Peak  of  TenerifF, 
which  is  reckoned  one  of  the  higheft  mountains 
in  the  world,  throws  out  fire,  allies,  and  large 
ftones.  From  the  top  of  it,  rivulets  of  melted 
fulphur  run  down  the  fouth  fide  acrofs  the  fnows. 
This  fulphur  foon  condenfes,  and  forms  veins  in 
the  fnow,  which  are  diftinguilhable  at  great  dif- 
tances. 

America,  and  particularly  the  mountains  of 
Mexico  and  Peru,  are  much  infefted  with  vol- 
cano’s : That  of  Arequipa  is  one  of  the  moll  ce- 
lebrated : It  often  produces  great  earthquakes, 
which  are  more  frequent  in  Peru  than  in  any 
country  of  the  world.  Next  to  Arequipa,  the 
volcano’s  of  Carrappa  and  Malahallo  are,  accord- 
ing to  the  relation  of  travellers,  the  moll  con- 
fiderable.  But  there  are  many  others  in  the 
new  world  of  which  we  have  no  knowledge. 
M.  Bouguer,  in  his  voyage  to  Peru,  publilhed  in 
the  Memoirs  of  the  Academy  for  the  year  1 744, 
mentions  two  volcano’s,  the  one  called  Cotopaxi , 
and  the  other  Pichincha . The  firft  is  at  fome 
diftance  from,  and  the  other  very  near,  the  town 
of  Quito.  In  the  year  1742,  he  faw  an  erup- 
tion of  Cotopaxi,  which,  at  that  time,  burft 
open  a new  mouth  in  the  mountain.  It  did  no 
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other  damage  than  that  of  melting  the  fnow, 
and  producing  fuch  torrents,  as,  in  three  hours, 
laid  the  whole  country,  to  the  extent  of  18 
leagues,  under  water,  and  overturned  every 
thing  in  their  courfe. 

Popochampeche  and  Popocatapec  are  the 
chief  volcano’s  in  Mexico.  It  was  near  this  laft 
that  Cortes  pafled  in  his  way  to  the  city  of 
Mexico  : Some  of  the  Spaniards  afcended  to  the 
top  of  the  mountain,  where  they  found  the  cra- 
ter to  be  about  half  a league  in  circumference. 
Sulphureous  mountains  have  alfo  been  found  in 
Guadaloupe,  Tercera,  and  in  others  of  the  Azore 
iflands  ; and,  if  all  the  mountains  from  which 
fmoke  x)r  flames  iflue  were  to  be  confidered  as 
volcano’s,  their  number  would  exceed  60.  We 
have  only  mentioned  thofe  which  are  fo  formi- 
dable as,  by  their  frequent  eruptions,  to  prevent 
people  from  living  near  them. 

The  numerous  volcano’s  in  the  Cordeliers, 
as  I formerly  remarked,  produce  almoft  perpe- 
tual earthquakes,  which  prevent  the  inhabitants 
from  building  with  flone  any  higher  than  the 
firft  floor;  and  the  upper  parts  of  their  houfes, 
for  the  fame  reafon,  are  conftru&ed  with  rulhes 
or  very  light  wood.  In  thefe  mountains  there 
are  alfo  many  precipices  and  large  gulfs,  the 
walls  of  which  are  black  and  burnt  : Thev  are 

J 

fimilar  to  the  precipice  of  Mount  Ararat  in  Ar- 
menia, called  the  Abyfs , and  are  the  craters  of 
extinguished  volcano’s. 
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A late  earthquake  at  Lima  was  attended  with 
the  mod  dreadful  effects.  The  town  of  Lima, 
and  the  port  of  Callao,  were  almoft  entirely 
fwallowed  up.  But  the  mifchief  was  ftill  more 
terrible  at  Callao.  The  fea  rofe  and  covered 
every  houfe  in  that  unfortunate  town,  and 
drowned  the  whole  inhabitants,  leaving  only  a 
fingle  tower  as  a monument  of  its  devaftations. 
Of  25  veffels  which  lay  in  the  harbour,  four 
were  driven  a league  upon  land,  and  the  reft 
were  fwallowed  up  by  the  waves.  Of  Lima, 
which  was  a very  large  city,  only  27  houfes  re- 
mained (landing.  Multitudes  of  people  perifhed  ; 
and  the  difafter  was  particularly  fatal  to  the 
monks  and  other  religious,  becaufe  their  build- 
ings were  lofty  and  of  more  folid  materials  than 
the  common  houfes.  This  calamity  happened 
in  the  month  of  Odober  174 6,  during  the 
night  ; and  the  fuccuffion  lafted  15  minutes. 

Near  the  port  of  Pifca,  in  Peru,  there  was 
formerly  a famous  city,  fituated  on  the  fea- 
coaft  ; but,  on  the  19th  of  Odober  1682,  it 
was  almoft  entirely  deftroyed  by  an  earthquake  ; 
for  the  fea,  having  exceeded  its  ufual  limits, 
fweeped  away  this  unfortunate  city,  with  all  its 
inhabitants. 

By  confulting  hiftorians  and  travèllers,  we 
(hall  find  many  accounts  of  earthquakes,  and 
eruptions  of  volcano’s,  equally  dreadful  and 
deftrudive  as  thofe  we  have  mentioned.  Pefi- 
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donius,  quoted  by  Strabo  relates,  that  a city 
of  Phoenicia,  near  Sidon,  was  fwallowed  up 
by  an  earthquake,  with  the  neighbouring  ter- 
ritory, and  two  thirds  of  Sidon  itfelf  ; that  this 
effect  was  not  produced  fo  fuddenly  as  to  pre- 
vent the  inhabitants  from  efcaping  by  flight  ; 
that  it  extended  over  moft  of  Syria,  and  as  far 
as  the  Cyclades  iflands  and  Euboea,  where  the 
fountains  of  Arethufa  fuddenly  flopped,  and  ap- 
peared a few  days  afterwards  by  new  fources,  at 
a confiderable  diftance  from  the  old  ; and  that 
the  earthquake  continued  to  fhake  the  illand 
fometimes  in  one  place,  and  fometimes  in  ano- 
ther, till  the  earth  opened  in  the  valley  of  Le- 
panta,  and  difcharged  a great  quantity  of  burn- 
ing matter.  Pliny  informs  us  f , that,  in  the 
reign  of  Tiberius,  twelve  cities  in  Afia  were 
overturned  ; and  he  mentions  in  the  following 
terms,  a prodigy  occafioned  by  a violent  earth- 
quake. 4 Fadhim  eft  femel  (quod  equidem  in 
4 Etrufcæ  difciplinæ  voluminibus  inveni)  ingens 
4 terrarum  portentum,  Lucio  Marco,  Sex.  Ju- 
4 lio  CoCT.  in  agro  Mutinenfi.  Namque  mon- 
4 tes  duo  inter  fe  concurrerunt,  crepitu  maxi- 
4 mo  adfultantes  recedentefque,  intor  eos  flam- 
4 ma,  fumoque  in  cœlum  exeunte  interdiu,  fpec- 
4 tante  e via  Æmilia  magna  equitum  Romano- 
4 rum  familiarumque  et  viatorum  multitudine. 
4 Eo  concurfu  villæ  omnes  elifæ,  animalia  per- 
4 multa,  quæ  intra  fuerunt,  exanimata  funt,’  &c. 

* Lib.  1.  + Lib.  i.  c.  84.  J Lib.  2.  c.  83. 
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St.  Auguftin  tells  us*,  that,  in  Lybia,  ioo 
towns  were  deftroyed  by  an  earthquake.  In 
the  time  of  Trajan,  the  earth  opened  and  de- 
voured the  city  of  Antioch,  and  a great  part  of 
the  adjacent  country.  It  was  again  deftroyed 
by  the  lame  caufe  during  the  reign  of  Juftinian 
in  the  year  528,  and  40,000  of  its  inhabitants 
periftaed.  It  was  viftted  with  a third  earthquake 
in  the  days  of  St.  Gregory,  fixty  years  after  the 
former,  which  deftroyed  no  lefs  than  60,000  of 
its  inhabitants.  In  the  reign  of  Saladin,  anno 
1182,  moft  of  the  cities  of  Syria  and  of  Judea 
were  laid  wafte  by  the  fame  calamity.  Earth- 
quakes have  been  more  frequent  in  Apulia  and 
Calabria  than  in  any  other  part  of  Europe.  In 
the  time  of  Pope  Pius  II.  all  the  churches  and 
palaces  of  Naples  were  thrown  down,  and  about 
30,000  lives  were  loft  : Thofe  who  efcaped  were 
obliged  to  live  in  tents  till  houfes  were  built  for 
them.  In  1629,  7000  perfons  perilhed  in  Apu- 
lia by  earthquakes;  and,  in  1638,  the  city  of 
' Saint  Euphemia  was  fwallowed  up,  and  left  be- 
hind it  nothing  but  a {linking  lake  : At  the 
fame  time,  Pvagufa  and  Smyrna  were  almoft  .to- 
tally deftroyed.  In  1692,  an  earthquake  was 
felt  in  Britain,  Holland,  Flanders,  Germany, 
and  France  : It  was  moft  fevere  along  the  coafts 
of  the  fea,  and  near  great  rivers.  It  agitated  at 
leaft  2600  fquare  leagues,  though  it  lafted  but 
two  minutes.  The  commotion  was  greater  in 


* Lib.  2.  de  miraculis,  c.  3. 
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the  mountains  than  in  the  valleys*.-  On  the 
10th  of  July  1688,  there  was  an  earthquake  at 
Smyrna,  which  began  with  a motion  from  weft 
to  eaft.  The  caftle  was  firft  overturned  ; its 
four  walls  feparated  from  each  other,  and  funk 
fix  feet  in  the  fea.  This  caftle  ftood  formerly 
.on  an  ifthtnus,  which  is  now  a real  ifland,  about 
ïoo  paces  from  the  land.  The  eaft  and  weft 
walls  fell  ; but  the  north  and  fouth  walls  ftill  re- 
main. The  city,  which  is  near  10  miles  from 
the  caftle,  was  overthrown  foon  after.  The 
earth  opened  in  many  places,  attended  with  fub- 
terraneous  noifes  ; and  five  or  fix  dreadful  fhocks 
were  felt  before  the  approach  of  night,  the  laft 
of  which  lafted  about  half  a minute.  The 
fihips  in  the  roads  were  greatly  agitated  ; the 
ground  on  which  the  town  ftood  funk  two  feet  ; 
and  not  above  a fourth  of  the  houfes  withftood 
the  concuffion,  and  thofe  were  moftly  founded 
on  rock.  From  fifteen  to  twenty  thoufand  lives 
were  loft  f.  In  1695,  an  earthquake  was  felt 
at  Bologna  in  Italy  ; and  it  was  remarked,  as  a 
fingular  phænomenon,  that  the  fea  was  much 
troubled  the  day  preceding^. 

‘ On  the  4th  of  May  1614,  a terrible  earth- 
c quake  happened  at  Tercera,  which,  befide 
‘ private  houfes,  overturned  eleven  churches 
‘ and  nine  chapels  in  the  city  of  Angra  ; and 
4 the  city  of  Praya  was  fo  much  fhaken,  that 

* See  Ray’s  Difcourfes,  p.  272.  + See  l’Hift.  de  1’Acad. 

des  Sciences,  année  1688.  t Ibid,  année  1696. 

D D 3 


4 hardly 


OF  VOLCANO’S 


412 

4 hardly  a houfe  was  left  Handing  : And,  on 
4 the  15th  of  June  1628,  the  ifland  of  St.  Mi- 
4 chael  was  vifited  with  a great  earthquake. 

4 Near  this  ifland,  in  the  open  fea,  there  arofe 
4 a new  ifland  in  a place  where  the  water  was 
4 150  fathoms  deep.  This  ifland  was  more 
4 than  a league  and  a half  long,  and  above  fix 
4 fathoms  high*. 

4 In  the  ifland  of  St.  Michael,  another  earth- 
4 quake  began  on  the  26th  of  July  1691,  and 
4 continued  to  the  12th  of  the  following  month. 
4 Tercera  and  Fayal  were  fhaken  next  day  with 
4 fuch  violence,  that  they  feemed  to  turn  about. 
4 Thefe  concuffions,  however,  were  repeated 
4 there  only  four  times  : But,  at  St.  Michael, 
4 they  ceafed  not  a moment  during  the  fpace 
4 of  eleven  days.  The  iflanders  abandoned  their 
4 houfes,  which  every  where  tumbled  down  be- 
4 fore  their  eyes,  and  remained  the  whole  time 
4 in  the  open  fields,  expofed  to  the  injuries  of 
4 the  weather.  The  whole  town  of  Villa  Fran- 
4 ca  was  overturned  to  the  foundation,  and  moft 
4 of  the  inhabitants  were  buried  under  its  ruins. 
4 In  feverai  places,  the  plains  were  elevated  into 
4 hills,  and,  in  others,  the  hills  lunk  down  into 
4 valleys.  A fountain  of  frefh  water  iffued  from 
4 the  ground,  and  run  for  four  days,  and  then 
4 flopped  all  of  a fudden.  The  air  and  the  fea 
4 were  in  fuch  commotion,  that  they  made  a 
4 poife  refembling  the  bellowings  of  ferocious 

* See  MandeHlo’s  Voyages. 
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* animals.  Many  people  died  of  fear.  There 
4 was  not  a velfel  in  the  harbours  which  was 
4 not  agitated  in  a dangerous  manner  ; and  thofe 
4 which  lay  at  anchor,  or  were  under  fail,  at 
4 the  diftance  of  twenty  leagues,  were  ftill  more 
4 ieverely  tolled.  Earthquakes  are  very  fre- 
4 quent  in  the  Azores  : Twenty  years  before  the 
4 period  mentioned,  a mountain  in  St.  Michael 
4 was  overturned  by  a dreadful  earthquake*.  ' 

4 In  the  month  of  September  1627,  an  earth- 
4 quake  levelled  one  of  the  two  mountains  of 
4 Manilla,  called  Carvalos , in  the  province  of 
4 Cagayon.  In  1645,  a third  part  of  the  city 
4 was  deftroyed  by  a fimilar  accident,  and  300 
4 perfons  perifhed  in  the  ruins.  The  following 
4 year  it  was  vifited  by  another  ; and  the  old 
4 Indians  tell  us,  that  earthquakes  are  now  lefs 
4 deftruCtive  than  formerly  ; but  they  ftill  build 
4 their  houfes  of  wood,  in  which  they  are  imi- 
4 tated  by  the  Spaniards. 

4 The  number  of  volcano’s  in  this  ifland  con- 
4 firms  the  above  relation  ; for,  at  certain  inter- 
4 vais,  they  vomit  forth  flames,  fhake  the  earth, 
4 and  produce  all  the  effeds  afcribed  by  Pliny 
4 to  the  eruptions  of  Vefuvius,  fuch  as,  chang- 
4 ing  the  beds  of  rivers,  making  the  neighbour- 
4 ing  parts  of  the  fea  retreat,  covering  the 
4 places  adjacent  with  allies,  projecting  ftones  to 
4 great  diftances,  and  making  reports  louder 
4 than  thofe  of  cannonsf.’ 

* Gen.  Hift.  of  Voyages,  vol.  i.  p.  325.  f See  Voyage 
de  Gemelli  Careri,  p.  129. 

D D 4 4 In 


424 


OF  VOLCANO’S 


4 In  1646,  an  earthquake  fplit  a mountain  in 
4 the  ifland  of  Machian,  and  the  explofion  made 
4 a frightful  noife.  From  the  cleft  iflued  fuch 
4 a quantity  of  flames  as  confumed  feveral  plan- 
4 tarions  with  their  inhabitants.  This  prodi- 
4 gious  aperture  was  to  be  feen  in  the  year  1 685, 
4 and  it  probably  remains  to  this  day.  It  was 
4 called  the  Wheel-track  of  Machian,  becaufe  it 
4 ran  from  the  top  to  the  bottom  of  the  moun- 
4 tain,  and,  at  a diftance,  had  the  appearance  of 
4 a high  road*.’ 

The  hiftory  of  the  French  Academy  mentions, 
in  the  following  terms,  the  earthquakes  which 
happened  in  Italy  during  the  years  1702  and 
1703.  4 They  began  in  October  170 2,  and 

4 continued  till  July  1703.  The  city  of  Norcia, 
4 with  its  dependencies  in  the  ecclefiaftical  ftate, 
4 and  the  province  of  Abruzzo,  fuffered  moft  ; 

4 and  the  earthquakes  were  firft  felt  in  thofe 
4 places  which  are  fituated  at  the  foot  of  the 
4 Appennines,  on  the  fouth  fide. 

4 They  were  frequently  accompanied  with 
4 frightful  noifes  in  the  air,  and  thefe  noifes 
4 were  fprnetimes  heard  when  the  earth  was  at 
4 reft,  and  the  fky  ferene.  The  moft  violent 
4 concuflion  was  on  the  2d  of  February  1703  ; 

4 and  it  was  attended,  efpecially  at  Rome,  with 
4 a remarkable  clear  fky,  and  a great  calmnefs 
4 in  the  air.  At  Rome  it  lafted  half  a minute, 

4 and  at  Aquila,  the  capital  of  Abruzzo,  three 

.t  See  l’Hilt.  de  la  Conquê;e  des  Meluques,  tom.  iii.  p.  318. 
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4 hours.  Befide  ravaging  the  neighbouring  coun- 
4 try,  it  deftroyed  the  whole  town  of  Aquila, 
4 and  buried  5000  perfons  under  its  ruins. 

4 The  concuflions,  or  vibrations,  of  the  earth, 
4 as  was  difcovered  by  the  motion  of  the  lamps 
4 in  the  churches,  were  nearly  from  fouth  to 
4 north, 

4 The  earth  opened  in  two  places,  and  dif- 
4 charged,  with  violence,  great  quantities  of 
4 ftones,  which  covered  a whole  field,  and  ren- 
4 dered  it  barren.  After  the  ftones,  thefe  aper- 
4 tures  threw  up  water  above  the  elevation 
4 of  the  higheft  trees.  This  difcharge  continued 
4 a quarter  of  an  hour,  and  laid  the  neighbour- 
4 ing  country  under  water.  The  water  was 
4 whitifh,  like  foap-fuds,  and  had  no  particular 
4 tafte. 

4 On  the  top  of  a mountain  near  Sigillo,  a 
4 village  about  22  miles  from  Aquila,  there  was 
4 a confiderable  plain  furrounded  with  rocks 
4 like  a wall.  The  earthquake  of  the  2d  of 
4 February  converted  this  plain  into  a large 
4 unequal  gulf,  its  greateft  diameter  being  25 
4 fathoms,  and  its  leaft  20.  This  gulf  has  been 
4 founded  with  ropes  of  300  fathoms,  withoût 
4 reaching  the  bottom.  At  the  time  that  the 
4 gulf  was  formed,  flames  were  obferved  to  ifliie 
4 out  of.  the  mountain,  and  afterwards  a thick 
4 fmoke,  which  continued,  with  feme  interrup- 
4 dons,  for  three  days* 

• 4 At 
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4 At  Genoa  they  had  two  flight  concuffions 
c of  the  i ft  and  2d  days  of  July  1703,  the  laft 
4 of  which  was  only  felt  by  the  people  on  the 
4 Mole.  The  lea,  at  the  fame  time,  funk  6 feet 
4 in  the  port,  and  continued  in  this  fituation  a 
4 quarter  of  an  hour. 

4 The  fulphureous  water  on  the  road  between 
4 Rome  and  Tivoli  funk  two  feet  and  a half, 
4 both  in  the  bafm  and  in  the  canal.  The  fprings 
4 and  rills  of  water,  which  rendered  many  places 
4 of  the  plain  called  Eefline  marfhy,  were  entirely 
4 dried  up.  The  depth  of  the  water  in  the  lake 
4 called  V Enfer  was  diminished  three  feet.  In 
4 place  of  the  old  fprings,  new  ones,  about  a mile 
4 diftant,  appeared  : They  are  probably  the  fame 
4 waters,  the  courfes  of  which  have  been  changed 
4 by  the  concufiion  of  the  earth*.’ 

The  fame  earthquake,  which,  in  1538,  form- 
ed the  Monti  de  Cinere  near  Puzzoli,  filled  the 
Lucrin  lake  with  ftones,  earth,  and  afhes,  and 
converted  it  into  a m'arfh  f . 

4 Earthquakes,  alfo,’  fays  Mr.  Shaw,  4 have 
4 fometimes  been  felt  at  fea.  In  the  year  1724, 
4 when  I was  aboard  the  Gazella,  an  Algerine 
4 cruifer  of  50  guns,  bound  to  Bona  to  relieve 
4 the  garrifon,  we  felt  three  prodigious  fhocks, 
4 one  after  another,  as  if  a weight,  at  each  time, 
4 of  20  or  30  ton,  had  fallen  from  a great  height 
4 upqn  the  ballaft.  This  happened  when  we 

* See  l’Hift.  de  I’Acad.  des  Sciences,  année  1704. 

f See  Ray’s  Difcourfea,  p.  12. 


4 were 


AND  EARTHQUAKES.  427 

4 were  five  leagues  to  the  fouthward  of  the  Seven 
4 Capes,  and  could  not  reach  ground  with  a line 
4 of  200  fathom.  The  captain  told  me,  that,  a 
4 few  years  before,  when  he  was  upon  a cruife, 

4 he  felt  a much  greater  one,  at  the  diftance  of 
4 40  leagues  to  the  weft  ward  of  the  rock  of  Lifi- 
4 bon'V 

Schouten,  fpeaking  of  an  earthquake  which 
happened  in  the  Moluccas,  fays,  that  the  moun- 
tains were  fhaken,  and  that  the  veffels  at  anchor 
in  30  or  40  fathom  water,  were  (hocked,  as  if 
they  had  run  aftiore,  or  ftruck  againft  rocks. 

4 We  learn,’  continues  he,  4 from  daily  experi- 
4 ence,  that  the  fame  happens  in  the  ocean,  where 
4 no  bottom  can  be  found  ; and  that  earth- 
4 quakes  agitate  veffels,  even  when  the  fea  is 
4 perfedly  calm  j\’ 

Gentil,  in  his  voyage  round  the  world,  has 
the  following  remarks  upon  earthquakes  : 4 1. 
4 That,  half  an  hour  before  the  earth  begins 
4 to  (hake,  all  animals  appear  to  be  feized  with  a 
4 panic.  The  horfes  neigh,  break  their  halters 
4 and  run  out  of  the  liable;  the  dogs  bark  ; the 
4 birds,  as  if  ftupid,  fly  for  (helter  into  the 
4 houfes;  the  rats  and  mice  come  out  of  their 
4 holes,  &c.  2.  That  (hips  at  anchor  are  fo 

4 violently  agitated,  that  all  the  parts  of  which 
4 they  are  compofed  feem  to  be  torn  afunder  ; 
4 their  guns  break  loofe,  and  their  mafts  fpring  : 
4 Thefe  facfts  I (hould  hardly  have  credited,  if 

* Shaw’s  Travels,  p.  351.  j-  Voyages,  vol.  vi.  p.  103. 
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4 they  had  not  been  confirmed  to  me  by  the 
4 unanimous  teftimony  of  many  witneffes.  I 
f know  that  the  bottom  of  the  fea  is  a continu- 
4 ation  of  the  land  ; and  that  agitations  of  the 
4 one  mud  be  communicated  to  the  other;  but 
4 I could  not  comprehend  how  the  different 
4 parts  of  a veflel,  fwi naming  in  a fluid,  fhould 
c be  aflfeded  in  the  fame  manner  as  if  fhe  had 
4 been  refting  on  the  ground.  Her  motion,  I 
4 imagined,  fhould  have  only  refembled  that 
4 produced  by  a ftorm  ; befides,  in  the  prefent 
4 inftance,  the  furface  of  the  fea  was  fmooth, 
4 and  the  whole  agitation  muft  have  proceeded 
4 from  fome  internal  caufe,  becaufe,  at  the  time 
4 of  the  earthquake,  there  was  no  wind.  3. 
4 That,  if  the  cavern  of  the  earth  which  con- 
4 tains  the  fubterraneous  fire,  runs  from  north  to 
4 fouth,  and  if  the  buildings  of  a town  above  it 
4 lie  in  the  fame  direction,  the  whole  houfes  are 
4 overturned;  but,  if  the  vein  or  cavern  runs 
4 acrofs  the  town,  the  damage  produced  by  the 
4 earthquake  is  lefs  confiderable*.’ 

When  a new  volcano  breaks  out  in  countries 
fubjed  to  earthquakes,  they  almoft  entirely  ceafe, 
and  are  feldom  felt,  except  during  great  erup- 
tions, as  has  been  obferved  with  regard  to  the 
ifland  of  St.  Chriftophersf. 

The  enormous  ravages  produced  by  earth- 
quakes have  induced  fome  naturalifts  to  imagine, 

* See  Voyage  de  M.  le  Gentil,  tom.  i.  p.  172. 

I See  Phil.  Tranf.  abridg.  vol.  ii.  p.  392. 
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that  mountains,  and  all  the  other  irregularities 
on  the  furface  of  the  globe,  have  derived  their 
origin  from  fuccuffions  of  the  earth  occafioned  by 
the  action  of  fubterraneous  fires.  This,  for  in- 
ftance,  is  the  opinion  of  Mr.  Ray.  He  believes 
that  all  the  mountains  have  been  formed  by 
earthquakes,  or  by  the  explofions  of  volcano’s, 
in  the  fame  manner  as  Monti  de  Cinere  in  Italy  j 
the  new  ifiand  near  Santorini,  &c.  But  he  has 
not  confidered,  that  the  fmall  elevations  formed 
by  earthquakes,  or  by  the  eruptions  of  volcano’s, 
are  not,  like  all  other  mountains,  compofed  of 
horizontal  firata;  for,  by  digging  into  the  Mon- 
ti de  Cinere,  we  find  calcined  (tones,  afhes,  burnt 
earth,  iron-drofs,  pumice-ftones,  all  blended 
together  like  a heap  of  rubbifh.  Befides,  if  earth- 
quakes and  fubterfaneous  fires  had  raifed  the 
great  mountains  of  the  earth,  as  the  Cordeliers, 
Mount  Taurus,  the  Alps,  &c.  the  prodigious 
force  requifite  to  elevate  thefe  enormous  ma  (Tes 
would,  at  the  fame  time,  have  deftroyed  a great 
part  of  the  furface  of  the  globe.  Earthquakes 
fufficient  to  produce  fuch  effects  mud  have 
been  inconceivably  violent,  fince  the  greateft 
of  them  recorded  in  hiftory  have  not  been  able 
to  produce  a fingle  mountain.  In  the  reign  of 
Valentinian  I.  for  inftance,  an  earthquake  was 
felt  over  the  whole  known  world*,  and  yet  it 
raifed  not  a fingle  mountain. 

* Ammian,  Marcellin,  lib.  xxvi.  c.  14, 
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It  is  capable  of  demonftration,  however,  that 
though  an  earthquake  fhould  have  a force  fuffi- 
cient  to  raife  the  higheft  mountains,  this  force 
would  not  be  able  to  difplace  the  reft  of  the 
globe. 

For,  let  it  be  fuppofed,  that  the  chain  of  high 
mountains  which  traverfe  South  America  from 
the  point  of  Terra  Magellanica  to  New  Grana- 
da and  the  Gulf  of  Darien,  had  been  fuddenly 
elevated  by  ah  earthquake,  and  then  let  us  efti- 
mate  the  effect  of  this  explofion.  This  chain  of 
mountains  is  about  1700  leagues  long,  and,  at 
a medium,  40  leagues  broad,  including  the  Si- 
erres,  which  are  lower  than  the  Andes.  This 
gives  a furface  of  68,000  fquare  leagues.  The 
thicknefs  of  the  matter  difplaced  by  the  earth- 
quake I fuppofe  to  be  one  league  ; or,  that  the 
mean  height  of  the  mountains  from  their  fummits 
to  the  caverns,  which,  agreeable  to  this  hypo- 
thefis,  muft  fupport  them,  is  one  league.  The 
force  of  the  explofion,  therefore,  muft  have  ele- 
vated, to  the  height  of  a league,  a quantity  of 
earth  equal  to  68,000  cubic  leagues.  But,  ac- 
tion and  rea&ion  being  equal,  this  explofion 
muft  have  communicated  an  equal  quantity  of 
motion  to  the  whole  globe.  Now,  the  whole 
globe  confifts  of  1 2,3 10,523,801  cubic  leagues. 
From  this  number  take  68,000,  and  there  re- 
mains 12,310,455,801  cubic  leagues,  of  which 
the  quantity  of  motion  would  be  equal  to  that  of 
68,000  elevated  one  league.  Hence  it  appears, 

that 
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that  the  force  neceffary  to  raife  68,000  cubic 
leagues  would  not  be  fufficient  to  difplace  the 
whole  globe  a fingle  inch. 

There  is  no  abfolute  impoffibility,  therefore, 
in  the  fuppofition,  that  the  mountains  have  been 
raifed  by  earthquakes,  were  it  not  evident,  both 
from  their  internal  ftrudure  and  their  external 
figure,  that  they  have  been  formed  by  the  ope- 
ration of  the  waters  of  the  ocean.  Their  inte- 
rior parts  are  compofed  of  parallel  firata,  inter- 
fperfed  with  fea-lhells  ; and  their  external  figure 
confifts  of  angles  every  where  correfponding.  Is 
it  credible  that  this  uniform  ftrudure,  and  regu- 
lar figure,  could  have  been  produced  by  hidden 
and  defultory  fuccuffions  of  the  earth  ? # 

But,  as  this  notion  has  been  embraced  by 
fame  philofophers,  and,  as  the  nature  and  effeds 
of  earthquakes  are  not  well  underftood,  I {hall 
hazard  a few  ideas,  which  may,  perhaps,  throw 
fome  light  upon  this  intricate  fubjed. 

The  furface  of  the  earth  has  undergone  many 
changes.  At  confiderable  depths,  we  find  holes, 
caverns,  fubterraneous  rivulets,  and  voids,  which 
fometimes  communicate  with  each  other  by 
means  of  .chinks  and  filfures.  There  are  two 
fpecies  of  caverns  : The  firft  are  thofe  which 
have  been  formed  by  volcano’s  and  the  addon 
of  fubterraneous  fires.  The  adion  of  fubterra- 
neous fire  elevates,  {hakes,  and  throws  off  tô  a 
diftance  the  fuperincumbent  materials  ; at  the 
fame  time,  it  fplits  and  deranges  thofe  on  each 
3 fide 
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fide  of  it,  and  thus  produces  caverns,  grottos, 
and  irregular  hollows.  But  fuch  effets  are  on- 
ly exhibited  in  the  neighbourhood  of  volcano’s, 
and  are  not  fo  frequent  as  the  other  lpecies  of 
caverns  which  are  produced  by  the  operation  of 
water.  It  has  already  been  remarked,  that  the 
different  ftrata  of  the  earth  are  all  interrupted  by 
perpendicular  fiffures,  the  origin  of  which  fhall 
be  afterwards  explained.  The  waters  which  fall 
upon  the  furface  defcend  through  thofe  fiffures, 
colled  when  their  progrefs  is  prevented  by  a 
ftratum  of  clay,  and  form  fprings  and  rivulets. 
From  the  nature  of  water,  it  fearches  for  cavities 
or  fmall  vacuities,  and  has  a confiant  tendency 
to  force  a paffage,  till  it  finds  a proper  vent. 
Wherever  it  goes,  it  carries  along  with  it  fand, 
gravel,  and  other  bodies  which  it  is  capable  of 
dividing  or  diiTolving.  In  this  manner,  the 
operation  of  water  proceeds  till  it  forms  fubter- 
raneous  paffages;  and  then  it  breaks  out  in  the 
form  of  fountains,  either  on  the  furface  of  the 
earth,  or  in  the  bottom  of  the  fea.  The  mate- 
rials it  perpetually  carries  off  leave  hollows  or 
caverns  in  the  bowels  of  the  earth,  which  are 
often  of  great  extent  ; and  thefe  caverns  have  a 
very  different  origin  from  thofe  produced  by 
volcano’s  or  earthquakes. 

Earthquakes  are  of  two  kinds  : Thofe  oc- 
cafioned  by  the  adion  of  fubterraneous  fires, 
and  by  the  explofions  of  volcano’s,  are  only 
felt  at  fmall  difiances,  previous  to,  or  during  the 

time 
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time  of  eruptions.  When  the  inflammable  mat- 
ters in  the  bowels  of  the  earth  begin  to  ferment 
and  to  burn,  the  fire  makes  an  effort  to  efcape 
in  every  direction;  and  if  it  finds  no  natural 
vents,  it  forces  a paflage,  by  elevating  and  throw- 
ing off  the  incumbent  earthv  In  this  manner  vol- 
cano’s commence,  and  their  effects  continue  in 
proportion  to  the  quantity  of  inflammable  mat- 
ter they  contain.  When  the  quantity  of  in- 
flamed matter  is  inconfiderable,  it  produces  only 
an  earthquake,  and  exhibits  no  marks  of  a vol- 
cano: The  air  generated  by  fubterraneous  fire 
may  alfo  efcape  through  fmall  fiflures  ; and,  in 
this  cafe,  likewife,  it  will  be  attended  with  a fuc- 
cuflion  of  the  earth  ; but  no  volcano  will  appear. 
But  when  the  quantity  of  inflamed  matter  is 
great,  and  when  it  is  confined  on  all  fides  by  fo- 
lk! and  compact  bodies,  an  earthquake  and  a 
volcano  are  the  neceflary  confequences.  All 
thefe  commotions,  however,  conftitute  only  the 
firft  fpecies  of  earthquakes,  which  are  not  felt  but 
in  the  neighbourhood  of  the  places  where  they 
happen.  A violent  eruption  of  Ætna,  for  example, 
will  fhake  all  the  ifland  of  Sicily  ; but  it  will 
never  extend  to  the  diftance  of  three  or  four 
hundred  leagues.  When  Vefuvius  burfts  open 
a new  mouth,  it  excites  an  earthquake  in  Naples 
and' in  the  neighbourhood'  of  the  volcano;  but 
thefe  earthquakes  never  fhake  the  Alps,  nor  do 
they  extend  to  France  or  other  countries  diftaht 
from  Vefuvius*  Thus,  earthquakes  produced 
vol.  1.  ee  by 
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by  volcano’s  are  limited  to  a fmall  fpace  ; they 
are  nothing  but  effeâs  of  the  reaâion  of  the  fire, 
and  they  fhake  the  earth  in  the  fame  manner  as 
the  explofion  of  a powder-magazine  occafions 
an  agitation  to  the  diftance  of  feveral  leagues. 

But  there  is  another  fpecies  of  earthquakes 
which  are  very  different  in  their  effeâs,  and  per- 
haps alfo  in  their  caufe.  Thefe  earthquakes 
are  felt  at  great  diftances,  and  fhake  a long  traâ 
of  ground  without  the  intervention  either  of  a 
new  volcano,  or  of  eruptions  in  thofe  which  al- 
ready exift.  There  are  inftances  of  earthquakes 
which  have  been  felt  at  the  fame  time  in  Britain, 
in  France,  in  Germany,  and  in  Hungary.  Thefe 
earthquakes  always  extend  more  in  length  than 
in  breadth.  They  fhake  a zone  or  belt  of  earth 
with  greater  or  lefs  violence  in  different  places  j 
and  they  are  generally  accompanied  with  a hol- 
low noife,  like  that  of  a heavy  carriage  rolling 
with  rapidity. 

As  to  the  caufes  of  this  fpecies  of  earthquake, 
it  muft  be  remarked,  that  the  explofion  of  all 
inflammable  fubftances,  like  that  of  gun-powder, 
generates  a great  quantity  of  air  ; that  this  air 
is  highly  rarefied  by  heat  ; and  that  its  effeâs, 
from  the  compreflion  it  receives  by  being  con- 
fined in  the  bowels  of  the  earth,  muft  be  exceed- 
ingly violent.  Let  us  fuppofe,  that,  at  the  depth 
of  ioo  or  200  fathoms,  there  are  a vaft  collec- 
tion of  pyrites  and  fulphureous  bodies,  and  that 
they  are  inflamed  by  the  fermentation  pro- 
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duced  by  the  admiffion  of  water  to  them,  or  by 
other  caufes.  What  mu  ft  be  the  efFedt  ? la  the 
ftrft  place,  thefe  fubftances  are  not  placed  in 
horizontal  beds,  like  the  ancient  ftrata,  which 
were  formed  by  the  fedirnents  of  the  waters. 
They  are  lodged,  on  the  contrary,  in  the 
perpendicular  fi  dures.,  in  fubterraneous  caverns, 
and  other  places,  to  which  the  water  has  ac- 
cefs.  When  inflamed,  they  generate  a vaft 
quantity  of  air-,  the  fpring  of  which,  by  be- 
ing comprefled  within  a fmall  fpace,  like  that  of 
a cavern,  will  not  (hake  the  earth  immediately 
above,  but  it  will  fearch  for  paflages  in  order  to 
expand  and  make  its  efcape.  Caverns  and 
channels  of  fubterraneous  rivulets  and  fprings, 
are  the  only  natural  paflages  for  this  rarefied  air. 
Into  thefe,  therefore,  it  will  rufh  with  impetuo- 
fity,  and  produce  in  them  a furious  wind,  the 
noife  of  which  will  be  heard  on  the  furface;  and 
it  will  be  attended  with  vibrations  or  fuccuffions 
of  the  ground.  This  fubterraneous  wind  pro- 
duced by  fire  will  extend  the  whole  length  of 
the  caverns  or  channels,  and  occailon  a (baking, 
more  or  lefs  violent,  in  proportion  to  its  diftance 
from  the  heat,  and  to  the  width  or  narrownefs 
of  the  canals.  But  this  motion  muft  neceflarily 
run  in  a longitudinal  direction;  and  the  (bakings 
of  courfe,  muft  be  felt  over  a long  belt  of  ground. 
This  air,  however,  cannot  produce  an  eruption 
or  a volcano  ; becaufe  it  finds  fufficieilt  room 
for  expanding  itfelf,  and  diminifhing  its  force  ; 
or,  rather,  becaufe  it  efcapes  through  fi (lures  in 
e e 2 the 
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the  form  of  vapour  or  of  wind.  But,  although 
the  exiftence  of  caverns  or  channels  for  the  paf- 
fage  of  this  rarefied  air  fliould  be  denied,  it  is 
eafy  to  conceive,  that  in  the  very  place  where 
the  explofion  is  made,  as  the  earth  is  elevated  to 
a confiderable  height,  the  neighbouring  places 
muft  fplit  horizontally  in  attempting  to  yield  to 
the  impulfe  communicated  by  the  original  mo- 
tion ; and,  in  this  manner,  paflages  may  be  gra- 
dually and  fucceflively  opened,  fo  as  to  commu- 
nicate with  very  diftant  places.  This  explica- 
tion correfponds  with  all  the  phænomena.  Earth- 
quakes are  not  felt  at  great  diftances  at  the  fame 
minute,  or  even  the  fame  hour.  They  are  not 
accompanied  with  eruptions  or  external  fire  ; 
and  the  noife  almoft  conftantly  marks  the  pro- 
greffive  motion  of  the  fubterraneous  wind. 
Other  fads  concur  in  eftablifliing  this  theory. 
Blafts  of  wind,  and  vapours,  fometimes  of  a fuf- 
focating  nature,  it  is  well  known  arife  from 
mines,  independent  of  the  motion  of  the  air  pro- 
duced by  the  current  of  water.  It  is  equally 
well  known,  that  winds  iflue  from  certain  aper- 
tures of  the  earth,  from  caverns,  abyffes,  and 
deep  lakes,  as  Lake  Boleflaw  in  Bohemia,  which 
has  been  formerly  mentioned. 

When  thefe  remarks  are  confidered,  I cannot 
comprehend  how  the  mountains  fhould  have 
originated  from  earthquakes,  fince  the  mineral 
and  fulphureous  bodies  which  occafion  them 
are  feldom  to  be  met  with  but  in  the  perpendicu- 
lar 
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3àr  Affaires  of  mountains,  and  in  other  cavities  of 
the  earth,  the  greateft  number  of  which  have 
been  produced  by  the  operation  of  water  ; fince 
thefe  inflammable  fubftances  produce  only  a mo- 
mentary explofion,  and  violent  winds  which  fol- 
low the  channels  of  fubterraneous  waters  ; fince 
the  duration  of  earthquakes  on  the  furface  of  the 
earth  is  fo  Abort,  they  muft  be  occafioned  by  a 
fudden  explofion,  and  not  by  a continued  con- 
flagration ; and,  lajlly , fince  thofe  earthquakes^ 
which  extend  over  large  tra&s  of  ground,  never 
produce  the  fmallefi:  eminence  throughout  their 
whole  courfe. 

Earthquakes,  it  is  true,  are  more  frequent  in 
the  neighbourhood  of  volcano’s,  as  in  Sicily,  and 
the  environs  of  Vefuvius  : But  it  appears,  from 
repeated  obfervations,  that  thefe  earthquakes  are 
very  limited,  and,  confequently,  can  never  form 
a chain  of  mountains. 

It  has  fometimes  been  remarked,  that  the 
matters  eje&ed  from  Ætna,  after  cooling  for  fe- 
veral  years,  and  being  afterwards  moiftened  with 
rain,  have  rekindled,  and  thrown  out  flames  with 
fuch  violent  explofions,  as  to  occafion  fmall 
earthquakes. 

In  1669,  during  a violent  eruption  of  Ætna, 
which  began  on  the  nth  of  March,  the  fummit 
of  the  mountain  funk  confiderably  * ; which  is 
a proof  that  this  volcano  proceeds  rather  from 
the  fuperior  part  of  the  mountain  than  from 
* See  Phil.  Tran f.  Abridg.  vol.  ii.  p.  387. 
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the  bottom  of  it.  Borelli,  who  is  of  the  fame  opi- 
nion, obferves,  ‘ That  the  fire  of  a volcano  proceeds 
4 neither  from  the  centre,  nor  from  the  bottom  of 
4 a mountain,  but  from  the  top  ; and  that  the  in- 
4 flammation  never  kindles  but  at  a fmall  depth*.’ 
Mount  Vefuvius  has  frequently  thrown  out, 
during  eruptions,  great  quantities  of  boiling  wa- 
ter. Mr,  Ray,  who  imagines  that  the  fire  of 
volcano’s  comes  from  a very  great  depth,  fays, 
that  this  water  proceeds  from  the  fea,  which  com- 
municates, by  fubterraneous  paflages,  with  the 
foot  of  the  mountain.  As  a proof,  he  mentions 
the  remarkable  drynefs  of  the  top  of  Vefuvius, 
and  the  agitation  of  the  fea  during  eruptions, 
which  fometimes  recedes  fo  far  as  to  leave  the 
port  of  Naples  entirely  dry.  But,  fuppofing 
thefe  fads  to  be  true,  they  by  no  means  prove 
that  the  fire  of  volcano’s  proceeds  from  a great 
depth  ; for  the  water  they  ejed  is  certainly  rain- 
water, which  penetrates  through  the  fifiures,  and 
colleds  in  the  cavities  of  the  mountain.  Rills 
and  fprings  iffue  from  the  tops  of  volcano’s,  as 
well  as  from  other  high  mountains;  and,  as  the 
former  are  hollow,  and  have  fuffered  more  con- 
cuffions  than  the  latter,  nothing  cambe  more  na- 
tural ^than  they  fhould  colled  water  in  their  ca- 
verns, and  that  thefe  waters  fhould  fometimes 
be  ejeded,  along  with  other  fubftances,  in  the 
time  of  eruptions.  With  regard  to  the  motion 
cf  the  fea,  it  arifes  foiely  from  the  fhock  com- 

* Borelli  de  incendiis  Montis  Ætnæ. 
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municated  to  the  waters  by  the  explofion,  which 
makes  them  advance  or  retire  according  to  dif- 
ferent circumftances. 

The  moffc  common  fubftances  thrown  out  by 
volcano’s,  are  torrents  of  melted  minerals,  which 
overflow  the  environs  of  the  mountain.  Thefe 
rivers  of  lava  extend  to  great  diftances  ; and,  in 
cooling,  they  form  beds,  either  horizontal  or  in- 
clined, in  the  fame  manner  as  the  ftrata  accumu- 
lated by  facceffive  fediments  from  water.  But 
the  former  are  eafily  diftinguifliable  from  the 
latter:  1.  Becaufe  ftrata  of  lava  are  not  every 
where  equal  in  thicknefs.  2.  Becaufe  they  con- 
tain nothing  that  has  not  evidently  been  cal- 
cined, vitrified,  or  melted.  3.  Becaufe  thefir 
extent  is  more  limited.  As  there  is  a vaft  num- 
ber of  volcano’s  in  Peru,  and  as  the  bottoms  of 
moft  of  the  Cordeliers  are  covered  with  fub- 
ftances which  have  been  thrown  out  by  eruptions, 
it  is  not  furprifing  that  no  fea-fliells  have  been 
found  there  ; for  they  rauft  have  been  calcined 
and  deftroyed  by  the  fire.  But  I am  ftiil  per- 
fuaded,  that,  if  the  clay  ground,  which,  accord- 
ing to  M.  Bourguet,  is  the  ordinary  earth  in  the 
valley  of  Quito,  had  been  dug,  fhells  would  have 
been  difcoVered  there,  as  well  as  every  where 
elfe,  efpecially  where  the  ground  is  not  covered, 
like  the  bottoms  of  the  mountains,  with  matters 
ejedted  from  volcano’s. 

It  has  often  been  afked,  Why  all  volcano’s 
appear  in  high  mountains,  only  ? I have  partly 
n 4 iolved 
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folved  this  queftion  in  the  preceding  article. 
But,  before  finifhing  the  prefent  fubje&,  I fhall 
endeavour  more  fully  to  explain  inyfelf. 

The  peaks  or  points  of  mountains  were  origi- 
nally covered  with  earth  and  fand,  which,  af- 
ter  being  gradually  wafhed  down  to  the  valleys 
by  the  rains,  left  nothing  but  thofe  bare  rocks 
or  (tones  called  the  core  of  mountains,  which, 
being  like  wife  fubjected  to  the  adion  of  the 
weather,  fmall  and  large  fragments  of  them  muft 
have  been  occafionally  loofened,  and,  of  courfe, 
muft  have  rolled  down  to  the  plains.  The  rocks 
at  the  bafe  of  the  fummit  being  fully  uncovered, 
and  having  loft  their  original  fupport  from  the 
fand  and  earth,  would  neceffarily  give  way  a 
little,  and,  by  feparating  from  each  other,  would 
produce  fmall  intervals.  But  this  yielding  of 
the  lower  rocks  could  not  take  place  without 
rending  thofe  which  lay  above  them.  In  this  man- 
ner the  core  of  the  mountain,  from  the  fummit 
to  the  bafe  of  the  lower  rocks,  would  be  fplit 
into  an  infinite  number  of  perpendicular  fifliires 
of  different  dimenfions.  Through  thefe  the  rains 
would  penetrate,  and  carry  along  with  them,  into 
the  bowels  of  the  mountain,  all  the  minerals,  and 
otheifejfubftances  which  they  were  capable  of 
trai^orting  or  diftolving.  Here  pyrites,  fuN 
phur,  and  other  combuftible  fubftances,  would  be 
produced;  and,  in  the  courfe  of  time,  thefe  bo- 
dies would  accumulate  in  great  quantities,  and, 
by  their  fermentation,  would  give  rife  to  explo- 
% fions 
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fions  and  other  effects  of  volcano’s.  Heaps  of 
thefe  mineral  fubftances  might  likewife  exift  in 
the  heart  of  the  mountain,  before  the  rain  could 
penetrate  fo  deep.  In  this  cafe,  as  foon  as  the 
air  or  rain  got  accefs  to  them  by  means  of  the 
perpendicular  fiffures,  a conflagration  and  vol- 
cano would  inftantly  take  place.  No  fuch  phæ- 
nomenacan  be  exhibited  in  plains;  for,  as  every 
thing  there  is  at  reft,  and  nothing  can  be  dis- 
placed, it  is  not  furprifing  that  the  exiftence  of 
volcano’s  fhould  be  confined  entirely  to  the 
mountains. 

When  coal-mines  are  opened,  which  are  com- 
monly found  in  clay-grounds,  and  at  a great 
depth,  the  mineral  fubftances  above  mentioned 
Sometimes  kindle  into  flames.  There  are  exam- 
ples in  Scotland,  Flanders,  ,&c.  of  coal-mines 
which  have  continued  to  burn  for  many  years. 
The  ad  million  of  air  is  alone  Sufficient  to  pro- 
duce this  effeâ.  But  thefe  inflammations  occa- 
fion  only  flight  explofions,  and  never  form  vol- 
cano’s ; becaufe,  in  fuch  places,  all  being  plain 
and  Solid,  the  fire  cannot  be  excited  to  fuch  a 
degree  as  in  burning  mountains,  which  are  full 
of  caverns  and  cliffs,  through  which  the  air  pe- 
netrates, and  augments  the  adlion  of  the’ fire  fo 
forcibly,  as  to  give  rife  to  the  terrible  effects  we 
Jiave  been  defcribing. 
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THEORY  of  the  EARTH, 


ARTICLE  XVII. 

Of  New  Iflands , Caverns,  perpendicular  Fijfures% 
. £*. 

NEW  iflands  are  produced  either  fudderdy 
by  the  operation  of  fubterraneous  fires, 
or  flowly  by  the  accumulated  fediments  of  wa- 
ter. Upon  this  fubjeû  we  are  furnifhed  with 
indubitable  fa£ts,  both  by  ancient  hiftorians,  and 
by  modern  voyagers.  Seneca  tells  us,  that,  in 
his  time,  the  ifland  of  Therafia*  fuddenly  emerg- 
ed from  the  fea,  to  the  aftonifhment  of  many 
fpe&ators.  Pliny  relates,  that  1 3 iflands  former- 
ly arofe  all  at  once  from  the  bottom  of  the  Me- 
diterranean, and  that  Rhodes  and  Delos  are  the 
chief  of  them.  According  to  Ammianus  Mar- 
çellinus,  Philo,  Pliny,  &c.  thefe  13  iflands  were 

* Now  called  Santorini. 
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not  formed  by  an  earthquake  or  by  a fubterra- 
neous  explofion,  but  were  formerly  concealed 
under  the  water,  which  funk  and  uncovered 
them.  Delos  was  even  diftinguifhed  by  the 
name  of  Pelagia,  becaufe  it  formerly  belonged 
to  the  fea.  Whether  thefe  13  new  iflands  were 
produced  by  the  adfion  of  fubterraneous  fire,  or 
by  any  other  caufe  which  diminifhed  the  quan- 
tity of  water  in  the  Mediterranean,  it  is  not  eafy 
to  determine.  But  we  are  informed  by  Pliny 
himfelf,  that  the  ifland  of  Hiera,  in  the  neigh- 
bourhood of  Therafia,  is  compofed  of  ferrugi- 
nous mafic.?,  and  of  earth  which  had  been  thrown 
up  from  the  bottom  of  the  fea  ; and,  in  another 
place,  he  mentions  feveral  other  iflands  which 
had  been  formed  in  the  fame  manner.  Upon 
this  fubjedt,  however,  we  have  fadts  more  re- 
cent, and  lefs  involved  in  obfcurity. 

On  the  23d  day  of  May  1707,  at  fun-rifing, 
there  appeared,  at  the  diftance  of  two  or  three 
miles  from  the  ifland  of  Therafia  or  Santorini, 
fomething  which  had  the  refemblance  of  a float- 
ing rock.  Some  men,  ftimulated  by  curiofity, 
approached  it,  and  difcovered  that  it  had  arifen 
from  the  bottom  of  the  fea  ; that  it  increafed 
under  their  feet;  that  oyfters  and  other  fliells  ftill 
adhered  to  the  rocks  ; and  that  many  pumice- 
ftones  lay  on  its  furface.  Two  days  before  this 
rock  appeared,  there  had  been  a flight  earthquake 
in  Santorini.  This  ifland  continued  to  augment 
gonfiderably,  without  any  accident,  till  the  14th 

of 
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of  June.  It  was  then  about  half  a mile  in  cir- 
cumference, and  20  or  30  feet  high,  and  the 
earth  was  white  and  mixed  with  clay.  After  this 
time,  the  fea  began  to  be  more  and  more  agitat- 
ed ; vapours  arofe  from  it  which  infefted  the 
ifland  of  Santorini,  and  on  the  16th  of  July, 
17  or  18  rocks  rofe  all  at  once  from  the  bottom 
of  the  fea,  and  united  into  one  mafs.  Thefe 
phænomena  were  attended  with  a frightful  noife, 
which  continued  two  months  ; and  flames  i Su- 
ed from  the  new  ifland,  which  ftill  augmented 
both  in  circumference  and  height  ; and  the  ex- 
plorons were  fo  violent,  that  they  drove  large 
ftones  to  more  than  7 miles  diftance.  The  ifland 
of  Santorini  itfelf  was  regarded  by  the  ancients 
as  a recent  production;  and,  in  726,  1427,  and 
3573,  it  received  confiderable  additions,  befide 
the  fmall  iflands  formed  in  its  neighbourhood*. 
The  fame  volcano,  which,  in  the  days  of  Seneca, 
raifed  the  ifland  of  Santorini,  produced,  in  Pliny’s 
time,  that  of  Hiera  ôr  Volcanella,  and,  in  our 
days,  the  rock  above  defcribed. 

On  the  10th  of  October  1720,  a great  fire 
was  feen  to  arife  from  the  fea  near  the  ifland  of 
Tercera.  Navigators  being  fent,  by  order  of  go- 
vernment, to  examine  it,  they  perceived,  on  the 
19th  of  the  fame  month,  an  ifland  covered  with 
fireand  fmoke;  and  a prodigious  quantity  of  afhes 
Was  thrown  to  a great  diftance,  as  from  a vol- 
cano, and  accompanied  with  a noife  fimilartothat 
# See  l’Hift.  de  l’Acad.  des  Sciences,  1708,  p.  23. 
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of  thunder.  The  earth  was  alfo  perceived  to 
fhake  in  the  neighbourhood  ; and  a vaft  number 
of  pumice-ftones  were  found  floating  on  the 
fea  all  round  the  new  ifland  : This  laft  phæno- 
menon  has  fometimes  been  remarked  in  the 
open  fea*. 

The  hiftorian  of  the  French  academy  f,  in 
relating  this  event,  remarks,  that,  after  an 
earthquake  in  the  ifland  of  St.  Michael,  one  of 
the  Azores,  there  appeared  a torrent  of  fire  be- 
tween this  ifland  and  that  of  Tercera,  which 
gave  rife  to  two  new  rocks  : And,  in  the  fub- 
fequent  year,  the  fame  hiftorian  gives  the  fol- 
lowing detail  : 

4 M.  de  flfle  has  informed  the  academy  of 
4 feveral  particulars  concerning  the  new  ifland 
4 among  the  Azores,  which  he  received  in  a 
6 letter  from  M.  de  Montagnac  conful  at  Lif- 
4 bon.  On  the  1 8th  of  September  1721,  M.  de 
4 Montagnac’s  veflel  was  moored  off  the  fortrefs 
4 of  St.  Michael  ; and  he  learned  the  following 
4 particulars  from  the  pilot  of  the  port. 

4 During  the  night  of  the  7th  or  8th  of  De- 
6 cember  1720,  there  was  a great  earthquake  in 
4 Tercera  and  St.  Michael,  which  iflands  are  dif- 
4 tant  from  each  other  about  28  leagues,  and  a 
4 new  ifland  rofe  from  the  fea.  It  was,  at  the 
4 fame  time,  remarked,  that  the  point  of  the 
4 ifland  of  Peak,  at  the  diftance  of  30  leagues, 

* See  Philofophical  Tranfaft.  Abridg.  vol.  vi.part  2.  p.  154. 
f Ann.  172 1,  p.  26. 
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4 which  formerly  threw  out  flames,  was  extin- 

* guiftied.  But  a continual  thick  fmoke  iflued 
4 from  the  new  ifland,  which  was  diftin<£tly  per- 
4 ceived  by  M.  de  Montagnac,  as  long  as  he 

* continued  in  that  part.  The  pilot  aflured  him, 
4 that  he  had  failed  round  the  ifland,  and  ap- 
4 proached  it  as  near  as  He  could  with  fafety. 
4 He  founded  on  the  fouth  fide  of  it  with  a rope 
4 of  6o  fathoms;  but  found  no  bottom.  On  the 
4 weft  fide,  the  water  was  much  changed:  It  ap- 
4 peared  to  be  mixed  with  white,  blue,  and 
4 green  ; and,  at  the  diftance  of  two  miles,  it 
4 feemed  to  be  fhallow  and  boiling.  On  the 
4 north-weft,  the  fide  from  which  the  fmoke 
4 iflued,  he  found,  at  15  fathoms,  a bottom  of 
4 coarfe  fand.  He  threw  a ftone  into  the  fea, 
4 and,  at  the  place  where  it  fell,  he  obferved  the 
4 water  boil,  and  mount  into  the  air  with  great 
4 impetuofity.  The  bottom  wTas  fo  hot,  that,  at 
4 two  different  times,  it  melted  a piece  of  fuet 
4 which  had  been  faftened  to  the  end  of  the 
4 plumb-line.  The  pilot  likewife  remarked, 
4 that  fmoke  iflued  from  a fmall  lake,  in  the 
4 midft  of  a fandy  plain.  This  ifland  is  nearly 
4 round,  and  high  enough  to  be  perceived,  in 
4 clear  weather,  at  the  diftance  of  feven  or  eight 
4 leagues. 

4 We  have  fince  learned,  by  a letter  from  Mi 
« Adrien,  French  conful  at  St.  Michael,  dated 
4 in  March  1722,  that  the  new  ifland  is  confi- 
4 derably  diminifhed;  thac  it  is  nearly  on  à 
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1 level  with  the  water  ; and  that  it  will  probably 
* foon  difappear.’ 

From  thele,  and  many  other  fads  of  a fimilar 
nature,  it  is  apparent,  that  inflammable  bodies 
exift  under  the  bottom  of  the  fea,  and  that  they 
fometimes  produce  violent  explofions.  The 

places  where  they  happen  may  be  confidered  as 
! 11b  mari  ne  volcano’s,  which  differ  from  com- 
mon volcano’s  only  in  the  fhorter  duration  of 
their  effeds  ; for,  after  the  fire  opens  a paffage 
to  itfelf,  the  water  ruffles  in,  and  extinguifhes 
them.  The  elevation  of  new  iflands  necef- 
farily  leaves  caverns,  which  are  foon  filled  by  the 
waters  ; and  the  new  ground,  which  confifts  of 
matter  thrown  out  by  the  fubmarine  volcano, 
muff,  in  every  refped,  referable  that  of  the 
Monti  di  Cinere,  and  other  eminences  which 
have  been  raifed  by  terreftrial  volcano’s.  It  is 
on  account  of  the  waters  ruffling  into  the  voids 
and  fiflures  produced  by  explofions,  that  fub- 
marine volcano’s  exhibit  their  effeds  lefs  fre- 
quently than  common  volcano’s,  though  both 
derive  their  origin  from  the  fame  caufe. 

To  fubterraneous,  or  rather  fubmarine,  fires, 
muff;  be  afcribed  all  thofe  ebullitions  of  the  fea, 
and  water-fpouts,  which  have  been  remarked  in 
different  places  by  mariners  : They  alfo  produce 
ftorms  and  earthquakes,  the  effeds  of  which  are 
felt  equally  at  fea  as  upon  land.  The  iflands 
raifed  by  fubmarine  volcano’s  are  generally 
compofed  of  pumice-ftones  and  calcined  rocks. 

Fire 
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Fire  has  frequently  been  obferved  to  iffue  out 
of  the  waters  of  the  fea.  Pliny  tells  us,  that  thé 
whole  furface  of  the  Thrafymen  lake  has  ap- 
peared to  be  inflamed  ; and  Agricola  informs  us* 
that,  when  a ftone  was  thrown  into  the  lake  of 
Denftat  in  Thuringia,  its  defcent  was  marked  by 
a train  of  fire. 

Laftly , The  great  quantities  of  pumice-ftones 
difcovered  by  voyagers  in  different  parts  of  the 
ocean,  as  well  as  in  the  Mediterranean,  evince 
the  exiftence  of  volcano’s  in  the  bottom  of  the 
fea,  which  differ  not  from  thofe  upon  land,  ei- 
ther in  the  violence  of  their  explofions,  or  in  the 
matter  they  throw  out,  but  only  in  their  rarity, 
and  in  the  fhortnefs  of  their  duration.  Hence 
it  may  be  remarked,  that  the  bottom  of  the  fea 
every  way  refembles  the  furface  of  the  earth,  not 
admitting  even  the  exception  of  volcano’s. 

Between  fea  and  land  volcano’s  there  are 
many  relations.  Both  of  them  exift  on  the 
tops  of  mountains.  The  Azore  iflands,  and 
thofe  of  the  Archipelago,  are  only  the  points 
of  mountains,  fome  of  which  are  above,  and 
others  under,  the  furface  of  the  water.  From 
the  account  of  the  new  iflands  among  the  A- 
zores,  it  appears,  that  the  place  where  the  fmoke 
iffued  was  only  15  fathoms  deep,  which,  when 
compared  with  the  ordinary  depth  of  the  ocean,' 
demonftrates  this  place  to  be  the  top*of  a pretty 
high  mountain.  The  fame  remark  may  be 

made 
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made  with  regard  to  the  new  ifland  near  Santo- 
rini. Its  depth  muft  have  been  inconfiderable, 
fince  oyfters  were  found  attached  to  the  rocks 
which  rofe  above  the  furface  of  the  water.  It 
likewife  appears*  that  fea^volcano’s,  as  well  as 
thofe  upon  land,  have  fubterraüeous  communi- 
cations ; for,  at  the  very  time  that  the  new 
ifland  among  the  Azores  arofe,  the  fummit  of 
the  volcano  of  St.  George,  in  the  ifland  of  Peak, 
funk.  It  alfo  merits  obfervation,  that  new 
iflands  never  appear  but  in  the  neighbourhood 
ef  old  ones  ; and  that  there  are  no  examples  of 
new  iflands  in  open  feas  : They  ought,  there- 
fore, to  be  regarded  as  continuations  of  the  an- 
cient iflands;  and,  when  volcano’s  happen  to 
exift  in  the  latter,  it  is  not  furprifmg  that  the  for- 
mer fliould  contain  the  fame  materials*  which 
may  be  kindled  either  by  fermentation  alone,  or 
by  the  adtion  of  fubterraneous  winds. 

Befides,  new  iflands  produced  by  earthquakes* 
or  by  fubterraneous  fires,  are  few  in  number. 
But  the  number  of  thofe  formed  by  flime,  fand, 
and  earth,  tranfported  by  rivers,  or  by  the  mo- 
tions of  the  fea,  is  aimoft  infinite.  At  the 
mouths  of  rivers,  fuch  quantities  of  earth  and 
fand  are  amafled,  as  frequently  give  rife  to 
iflands  of  confiderabie  extent.  The  fea,  by  re- 
tiring from  certain  coafts,  leavers  uncovered  the 
higheft  parts  of  the  bottom,  and  thefe  parrs  con- 
ftitute  fo  many  new  iflands.  In  the  fame  man- 
ner, when  the  fea  encroaches  upon  the  land,  it 
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covers  the  plains,  and  the  more  elevated  grounds 
appear  in  the  form  of  iflands.  It  is  for  this  rea- 
fon  that  there  are  few  iflands  in  the  open  feas, 
and  that  they  are  fo  numerous  near  the  coafts. 

Fire  and  water,  though  of  very  oppofite  na- 
tures, exhibit  many  effedts  fo  fimilar,  that  the 
one  may  often  be  miftaken  for  the  other.  Be- 
fide  the  productions  peculiar  to  thefe  elements, 
as  cryftal,  glafs,  &c.  they  give  rife  to  many 
great  phænomena,  which  have  fuch  ftrong  re- 
femblances,  that  they  can  hardly  be  diftinguifh- 
ed.  Water,  as  we  have  feen,  elevates  moun- 
tains, and  forms  the  greateft  number  of  iflands  : 
Some  mountains  and  iflands  likewife  derive  their 
origin  from  fire.  The  fame  obfervation  is  appli- 
cable to  caverns,  fiflures,  gulfs,  &c.  Some  of 
them  are  the  effedts  of  fire,  and  others  of  water. 

Caverns  are,  in  a great  meafure,  peculiar  to 
mountains  : They  are  feldom  or  never  found  in 
plains.  They  are  frequent  in  the  Archipelago, 
and  other  iflands  ; becaufe  iflands  are  generally 
nothing  but  the  tops  of  mountains.  Caverns, 
like  precipices,  are  formed  by  the  finking  or 
mouldering  of  rocks,  or,  like  abyfles,  by  the 
action  of  fire  ; for,  to  make  a cavern  form  a 
precipice  or  an  abyfs,  nothing  farther  is  necef- 
fary  than  that  the  tops  of  the  oppofite  rocks 
fhould  come  together  and  form  an  arch,  which 
mufl  frequently  happen  when  they  are  loofened 
at  the  root,  and  (haken  by  earthquakes,  or  by 
the  operation  of  time  and  of  the  weather.  Ca- 
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verns  may  be  produced  by  the  fame  caufes  which 
give  rife  to  gulfs,  apertures,  or  finkings  of  the 
earth  ; and  thefe  caufes  are  explofions  of  vol- 
cano’s, the  action  of  fubterraneous  vapours,  and 
earthquakes,  which  create  fuch  commotions  in 
the  earth,  as  muft  neceffarily  produce  caverns, 
fiflures,  and  hollows  of  every  kind. 

The  cavern  of  St.  Patrick  in  Ireland  is  not  fo 
confiderable  as  it  is  famous  : The  fartie  remark 
may  be  made  with  regard  to  the  Grotto  del  Cane 
in  Italy,  and  to  that  of  Mount  Beni-guazeval,  in 
the  kingdom  of  Fez,  which  throws  out  fire. 
There  is  a very  large  cavern  in  the  county  of 
Derby  in  England.  It  is  much  larger  than  the 
celebrated  cavern  of  Bauman,  near  the  Black 
Foreft  of  Brunfwick.  I was  informed  by  the 
Earl  of  Morton,  a philofopher  more  refpe&able 
for  his  merit  than  his  high  rank,  that  the  en- 
trance to  this  cavern,  called  the  DeviP s-holey 
is  larger  than  the  door  of  any  church  ; that  a 
fmall  river  runs  through  it  ; that,  after  advanc- 
ing fome  way,  the  vault  of  the  cavern  finks 
down  fo  low,  that,  in  order  to  proceed  farther, 
it  is  neceflary  to  lie  flat  in  a boat,  and  to  be 
pufhed  through  this  narrow  paflage  by  people 
accuftomed  to  the  bufinefs  ; and  that,  after  get- 
ting through,  the  roof,  or  arch  of  the  cavern, 
rifes  to  a great  height;  and,  after  walking  a con- 
fiderable way  on  the  fide  of  the  river,  the  arch 
finks  again  fo  low  as  to  touch  the  furface  of  the 
water.  Here  the  cavern  terminates.  The  river, 
F F 2 which 
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which  feems  to  have  its  fource  in  this  part  of 
the  cavern,  fwells  occalionally,  and  tranfports 
heaps  of  fand,  which,  by  accumulating,  forms  a 
kind  of  blind  alley,  whofe  direâion  is  different 
from  that  of  the  principal  cavern. 

In  Carniola,  near  Potpechio,  there  is  a large 
cavern,  in  which  is  a pretty  confiderable  lake. 
Near  Adelfperg,  we  meet  with  a cavern  in  which 
a man  may  travel  two  German  miles.  It  contains 
feveral  tremendous  and  deep  precipices*.  The 
Mendip  hills  in  Somerfetfhire  likewife  prefent  us 
with  extenfive  caverns,  and  very  fine  grottos. 
Near  thefe  caverns  wre  find  veins  of  lead,  and 
fometimes  large  oak  trees,  buried  15  fathoms 
deep.  In  the  county  of  ^loucefter,  there  is  a 
large  cavern  called  Pe?i-*ftark-holey  at  the  bottom 
of  which  we  meet  with  32  fathoms  of  water. 
Here  are  alfo  veins  of  lead. 

It  is  apparent,  that  the  Devil’s-hole,  and 
other  caverns,  from  which  large  fprings  or  brooks 
iiTue,  have  been  gradually  formed  by  the  ope- 
ration of  the  water,  and  their  origin  cannot  be 
aicribed  to  earthquakes  or  volcano’s. 

One  of  the  largeft  and  mod  fingular  caverns 
we  are  acquainted  with,  is  that  of  Antiparos,  of 
which  M.  Tournefort  has  given  a complete  de- 
fcription.  We  firft  find  a ruftic  cave  about  30 
feet  wide,  divided  by  fome  natural  pillars.  Be- 
tween two  pillars  on  the  right,  the  ground  Hopes 
gently,  and  then  more  precipitately  for  about 

* See  Ada  erud.  Lipf,  anno  1689,  p.  558. 
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20  paces  to  the  bottom  of  the  cavern.  This  is 
the  paflage  to  the  grotto  or  interior  cave,  and  is 
nothing  but  a dark  hole,  through  which  a man 
cannot  pafs  without  {looping,  and  the  affiftance 
of  lights.  We  then  defcend,  by  means  of  a 
rope  fixed  at  the  entrance,  a horrible  precipice, 
and  arrive  on  the  borders  of  another  ftill 
more  tremendous,  with  correfponding  abyfles  on 
the  left.  By  a ladder  placed  on  the  margin  of 
thefe  gulfs,  we  get  over  a vaft  perpendicular 
rock.  We  then  continue  to  flip  through  places 
lefs  dangerous.  But,  when  we  think  ourfelves 
in  the  greateft  fafety,  we  are  fuddenly  flopped 
by  a frightful  pafs  ; to  efcape  through  which, 
we  are  obliged  to  glide  on  our  backs  along  a 
large  rock,  and  to  defcend  by  means  of  a ladder. 
When  we  arrive  at  the  bottom  of  the  ladder,  we 
{tumble  for  fome  time  among  irregular  rocks, 
and  then  the  famous  grotto  prefents  itfelf.  This 
grotto  is  about  300  fathoms  below  the  furface 
of  the  earth,  and  it  appears  to  be  about  40  fa- 
thoms high,  and  50  wide.  It  is  full  of  large 
and  beautiful  ftaladdtes,  which  both  depend  from 
the  roof  of  the  vault  and  cover  the  floor  *. 

In  that  part  of  Greece  called  Achaia  by  the 
ancients,  now  Livadia,  there  is  a large  cavern  in 
a mountain  which  was  formerly  famous  for  the 
oracles  of  Trophonius:  Itisfituated  between  the 
Lake  of  Livadia  and  the  fea,  from  which,  at  the 
iicareft  part,  it  is  diftant  about  four  miles  ; and 
* See  Tournefort’s  voyage  to  the  Levant. 
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there  are  no  lefs  than  40  fubterranneous  paflfages 
through  which  the  waters  run  under  the  moun- 
tain*. 

In  all  countries  which  are  fubjedt  to  earth- 
quakes or  volcano’s,  caverns  are  frequent.  The 
ftrudlure  of  moft  of  the  iflands  of  the  Archipe- 
lago is  exceedingly  cavernous.  The  iflands  in 
the  Indian  Ocean,  and  particularly  the  Moluccas, 
appear  to  be  chiefly  fupported  upon  vaults.  The 
land  of  the  Azores,  of  the  Canaries,  of  the  Cape 
de  Verd  iflands,  and,  in  general,  of  almoft  all 
fmall  iflands,  is,  in  many  places,  hollow  and  full 
of  caverns  ; becaufe  thefe  iflands,  as  formerly 
remarked,  are  only  the  tops  of  mountains, 
which  have  fuflfered  great  convulfions  either 
from  volcano’s,  or  by  the  adtion  of  the  waters, 
of  frofts,  and  of  other  injuries  of  the  weather. 
In  the  Cordelieres,  where  volcano’s  and  earth- 
quakes are  frequent,  there  are  many  caverns, 
precipices,  and  abyfles. 

The  famous  labyrinth  in  the  ifland  of  Crete 
is  not  the  work  of  nature  alone.  We  are  affured 
by  M.  Tournefort,  that,  in  many  parts  of  it,  the 
operation  of  men  is  evident;  and,  it  is  probable, 
that  this  is  not  the  only  cavern  which  has  been 
augmented  by  art.  Mines  and  quarries  are  con- 
ftantly  digging;  and,  after  thefe  have  been  long 
deferted,  it  is  not  eafy  to  determine  whether 
fuch  excavations  have  been  the  effedts  of  nature 
or  of  art.  Some  quarries  are  amazingly  exten- 
* See  Gordon’s  Geography,  pf  179. 
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five.  That  of  Maeftricht,  for  inftance,  is  fuffi- 
cient  to  Ihelter  50,000  men,  and  is  fupported  by 
more  than  1000  pillars  of  20  feet  high;  and  the 
earth  and  rock  above  is  25  fathoms  thick*.  The 
fait  mines  of  Poland  exhibit  excavations  ftill 
more  extenfive.  Near  large  cities,  quarries  and 
artificial  hollows  are  common.  But  we  mud 
proceed  no  farther  in  detail.  Befides,  the  ope- 
rations of  men,  however  great,  will  always  make 
but  an  inconfiderable  figure  in  the  hiftory  of 
nature. 

Volcano’s  and  water,  which  form  caverns  in 
the  bowels  of  the  earth,  produce  likewife  on  its 
furface  fiffures,  precipices,  and  abyfles.  At 
Cajeta  in  Italy,  there  is  a mountain  which  had 
been  formerly  fplit  by  an  earthquake  in  fuch  a 
manner,  that  the  reparation  feems  to  have  been 
made  by  the  hands  of  men.  We  have  already 
mentioned  the  Wheel-track , or  great  fiffure  in 
the  ifland  of  Machian,  the  abyfs  of  Mount  Ara- 
rat, the  port  or  gap  in  the  Cordelieres,  that  of 
Thermopylæ,  &c.  To  thefe  we  might  add  the 
gap  in  the  mountain  of  the  Troglodites  in  Arabia, 
and  that  of  the  Ladders  in  Savoy,  which  was 
begun  by  nature,  and  finifhed  by  Victor- Ama- 
dæus.  Confiderable  linkings  in  the  earth,  the 
fall  of  rocks,  and  the  fubverfion  of  mountains, 
are  frequently  produced  by  the  waters,  as  well 
as  by  fubterraneous  fires.  Of  this  many  ex- 
amples might  be  given. 

* See  Phil.  Tranf.  Abridg.  vol.ii.  p.  463. 
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* In  the  month  of  June  1714,  a part  of  the 
c mountain  of  Diableret  in  Valois  fell  fudden-r 
4 ly,  and,  in  a few  hours,  the  iky  being  ferene, 
4 it  appeared  to  have  aiTumed  a conical  figure. 
4 It  deftroyed  55  houfes,  befides  feveral  men,  and 
4 a great  many  cattle  ; and  it  covered  a league 
4 fquare  with  its  ruins.  The  fky  was  darkened 
4 with  the  dull  : The  collection  of  ftones  and 
4 earth  which  were  amafled  on  the  plain,  exceed- 
4 ed  30  Rhenifh  perches  in  height,  dammed  up 
4 the  waters,  and  gave  rife  to  new  lakes  of  con- 
4 fiderable  depths.  But  this  phænomenon  was 
4 not  accompanied  with  the  leaft  veftige  of  bitu-> 
4 men,  fulphur,  or  calcined  lime-ftone  ; nor,  con- 
4 fequently,  of  fubterraneous  fire  : The  hafe  of 
4 this  great  rock  appeared  to  be  rotten,  and  re- 
4 duced  to  powder f.’ 

There  is  a remarkable  example  of  thefe  fink- 
ings  near  Folkftone  in  the  county  of  Kent.  The 
hills  in  the  neighbourhood  funk  infenfibly,  with- 
out any  earthquake  or  other  commotion.  The 
interior  parts  of  thefe  hills  confift  of  rocks  and 
chalk;  and,  by  their  finking,  they  have  pufhed 
part  of  the  adjacent  land  into  the  fea.  A well 
attefted  relation  of  this  fact  may  be  feen  in  the 
Philofopbicai  TranfaCtions  j\ 

In  1618,  the  town  of  Pleurs  was  buried  un- 
der the  rocks  at  the  foot  of  which  it  had  been 
filuated.  In  1678,  a great  inundation  was  oc- 

* Hift.  de  l’Acad.  des  Sciences,  anneé  17x5,  p.  4. 
j-  Abridg.  ypl.  iv.  p.  250. 
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cafioned,  in  Gafcony,  by  the  finking  of  feme 
portions  of  one  of  the  Fyrennees,  which  forced 
out  the  water  that  had  been  pent  up  in  the  fub- 
terraneous  caverns  of  thefe  mountains.  Ill  the 
year  1680,  a {till  greater  inundation  was  pro- 
duced in  Ireland,  by  the  finking  of  a mountain 
into  caverns  which  had  been  full  of  water.  It  is 
not  difficult  to  invefligate  the  caufe  of  thefe  ef- 
fects. It  is  well  known,  that  fubterraneous  wa- 
ters are  every  where  frequent.  Thefe  waters 
gradually  work  away  fand  and  earth  in  their 
paffages;  and,  consequently,  they  may,  in  the 
courfe  of  time,  defcroy  the  ftratum  of  earth 
which  ferves  as  a bafls  to  the  mountain  : If  this 
Stratum  fail  more  on  one  fide  than  on  another^ 
the  mountain  mult,  of  neceffity,  be  overturned  ; 
or,  if  the  bafe  waft  es  gradually  and  equally 
throughout,  the  mountain  will  link,  without  be- 
ing overturned. 

Having  mentioned  a few  of  thofe  convulfions 
and  changes  produced  in  the  earth  by  what  may 
be  called  the  accidents  of  nature,  we  muft  not 
pafs  over  in  fiîencç  the  perpendicular  fiflures  in 
the  different  ftrata.  Thefe  fiflures  are  obvious, 
not  only  in  all  rocks  and  quarries,  but  in  clays, 
and  in  every  fpeci.es  of  earth  which  has  never 
been  removed  from  its  natural  pofition.  They 
are  called  perpendicular  fiflures  ; becaufe,  like  the 
horizontal  ftrata,  they  are  never  oblique,  but 
from  fome  accidental  change.  Woodward  and 
Ray  talk  of  fiflures,  but  ip  a general  and  confufed 
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manner,  and  they  never  mention  them  under 
the  appellation  of  perpendicular  fiffures,  becaufe 
they  imagined  that  they  might  be  indifferently 
either  oblique  or  perpendicular.  No  author  has 
hitherto  attempted  to  explain  their  origin,  tho* 
it  is  apparent,  as  remarked  in  a former  article, 
that  they  have  been  occafioned  by  the  drying  of 
the  materials  which  compofe  the  horizontal  ftra- 
ta.  In  whatever  manner  this  drying  fhould  hap- 
pen, perpendicular  fiffures  muff  have  been  a ne- 
ceffary  confequence;  for  the  matter  of  the  ho- 
rizontal ftrata  could  not  be  diminifhed  in  fize, 
without  fplitting,  at  different  diftances,  in  a di- 
rection perpendicular  to  the  ftrata  themfelves. 
Under  perpendicular  fiffures,  I comprehend,  not 
only  the  natural  cracks  in  rocks,  but  all  thofe 
reparations  which  have  been  effected  by  convul- 
five  accidents.  When  a mafs  of  rock  has  fuf- 
fered  any  confiderable  motion,  the  fiffures  are 
fometimes  placed  obliquely;  but  it  is  becaufe 
the  mafs  itfelf  is  oblique  ; and  the  fmalleft  at- 
tention to  quarries  of  marble  and  lime-ftone,  or 
to  great  chains  of  rocks,  will  convince  us,  that 
the  general  direction  of  fiffures  is  perpendicular 
to  the  ftrata  in  which  they  are  found. 

The  bowels  of  mountains  are  chiefly  compof- 
ed  of  parallel  ftrata  of  ftones  and  rocks.  Be- 
tween the  parallel  ftrata,  we  often  meet  with 
beds  of  matter  fofter  than  ftone  ; and  the  per- 
pendicular fiffures  are  filled  with  fand,  cryftals, 
metals,  &c.  The  formation  of  thefe  laft  bo- 
dies 
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dies  is  more  recent  than  that  of  the  horizontal 
ftrata  in  which  fea-fhells  are  found.  The  rains 
have  gradually  detached  the  fand  and  earth  from 
the  tops  of  mountains,  and  left  the  ftones  and 
rocks  bare,  which  afford  an  opportunity  of  dif- 
tinguifhing  with  eafe  both  the  parallel  ftrata  and 
the  perpendicular  fiffures.  On  the  other  hand, 
the  rains  and  rivers  have  fucceflively  covered  the 
plains  with  confiderable  quantities  of  earth,  fand, 
gravel,  and  other  bodies  which  are  either  foluble 
in,  or  eafily  divifible  by  water.  Of  thefe  have 
been  formed  beds  of  tufa,  of  foft  ftone,  of  fand, 
of  rounded  gravel,  and  of  earth  mixed  with  ve- 
getable fubftances.  But  thefe  beds  contain  no 
fea-fhells,  or  at  moft,  but  fragments  of  them, 
which  have  been  detached  from  the  mountains 
along  with  the  earth  and  gravel.  Thefe  recent 
beds  fhould  be  carefully  diftinguifhed  from  the 
ancient  and  original  ftrata,  in  which  we  almoft 
univerfally  find  a greater  number  of  entire  fhells 
placed  in  their  natural  fituation. 

In  examining  the  internal  order  and  diftribu- 
tion  of  the  materials  of  a mountain,  compofed  of 
common  ftone  or  calculable  lapidific  matter,  we 
generally  find,  after  removing  the  vegetable  foil, 
a bed  of  gravel,  of  the  fame  nature  and  colour 
with  the  ftones  which  predominate  in  the  moun- 
tain ; and,  under  the  gravel,  we  meet  with  the 
folid  rock.  When  the  mountain  is  cut  by  a 
deep  trench  or  ravine , the  different  banks  or 
ftrata  are  eafily  diftinguifhable.  Each  horizon- 
tal 
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tal  ftratum  is  feparated  by  a kind  of  joint  or  fu- 
ture, which  is  like  wife  horizontal.  Thefe  Pcrata 
generally  augment  in  thicknefs,  in  proportion  to 
their  depth  or  diftance  from  the  top  of  the 
mountain  ; and  they  are  all  divided,  vertically, 
by  perpendicular  fiffures.  In  general,  the  firft 
ftratum  under  the  gravel,  and  even  the  fécond, 
are  not  only  thinner  than  thofe  which  form  the 
bafe  of  the  mountain,  but  fo  much  cut  by  per- 
pendicular fiffures,  that  fmall  portions  of  them 
only  have  any  coherence.  Moft  of  thefe  fiffures, 
which  exactly  referable  the  cracks  in  earth  that 
has  been  dried,  gradually  difappear  as  they  de- 
fcend,  and,  at  the  bafe  of  the  mountain,  where 
they  cut  the  larger  ftrata  in  a more  regular  and 
more  perpendicular  manner  than  thofe  near  the 
furface,  their  number  is  much  finailer. 

Thefe  ftrata  of  rock  often  extend,  without  in- 
terruption, to  great  diftances.  Stones  of  the 
fame  fpecies  likewife  are  almoft  uniformly  found 
in  oppofite  mountains,  whether  they  be  fepa-^ 
rated  by  a narrow  neck  or  a valley  ; and  the 
ftrata  never  entirely  difappear,  unlefs  when  the 
mountain  terminates  in  a large  and  level  plain. 
Sometimes  we  find,  between  the  vegetable  foil 
and  the  gravel,  a ftratum  of  marl,  which  com- 
municates its  colour,  and  other  qualities,  to  the 
neighbouring  beds:  The  perpendicular  fiffures 
in  the  inferior  rocks  are,  in  this  cafe,  filled  with 
marl,  where  it  acquires  a hardnefs  equal,  in  ap- 
pearance, to  that  of  the  furrounding  ft  one;  but, 
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when  expofed  to  the  air,  it  fplits,  and  becomes 
foft  and  dudtile. 

The  beds  of  ftone  which  compofe  the  tops  of 
mountains  are  generally  foft  and  tender,  but 
thofe  near  the  bafe  are  exceedingly  hard.  The 
firft  is  commonly  white,  and  of  a grain  fo  fine 
as  to  be  hardly  perceptible.  In  proportion  as 
they  defcend,  the  rocks  become  more  compact, 
and  have  a better  grain;  and  the  lowed  beds  are 
not  only  harder  than  the  fuperior  ones,  but  are 
alfo  more  compact  and  heavy.  Their  grain 
is  fine  and  brilliant;  and  they  are  often  fo 
brittle  as  to  break  as  purely  and  neatly  as 
flint. 

The  heart  of  a mountain,  then,  is  compofed 
of  different  ftrata  of  ftones,  which  are  harder  or 
fofter  in  proportion  to  their  diftance  from  the 
fummit;  and  they  are  broad  at  the  bafe,  and 
fharp  and  narrow  at  the  top.  The  laft  is,  in- 
deed, a necefiary  refait  of  the  firff:  For,  as  the 
ftones  grow  harder  as  they  defcend,  it  is  natural 
to  think,  that  the  currents,  and  other  motions  of 
the  water,  which  fcooped  out  the  valleys,  and 
formed  the  contours  of  the  mountains,  mu  ft 
have  gradually  confumed,  by  their  lateral  fric- 
tion, the  materials  of  which  the  mountains  are 
compofed;  and  that  this  confumption  would  be 
proportioned  to  the  hard  nefs  or  foftnefs  of  the 
matter  acled  upon.  But,  as  the  upper  ftrata  are 
known  to  be  fofteft,  and  as  their  den  fit  y increafes 
according  as  they  approach  the  bafe,  the  moun- 
tains 
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tains  muft,  of  neceffity,  have  aflumed  their  pre- 
fent  inclined,  and  fomewhat  conical  figure. 
This  is  one  great  caufe  of  the  declivity  of 
mountains  ; and  it  muft  always  become  more 
gentle,  in  proportion  as  the  earth  and  gravel  are 
brought  down  by  the  rain  from  their  fummits. 
For  thefe  reafons,  the  declivity  of  hills  and 
mountains,  compofed  of  calcinable  bodies,  is 
lefs  than  that  of  thofe  which  confift  of  granite, 
or  of  flint  in  large  mafles.  The  latter  gene- 
rally rife  almoft  perpendicularly  to  very  great 
heights  ; becaufe  in  thefe  mafles  of  vitrifiable 
matter,  the  fuperior,  as  well  as  the  inferior  ftrata, 
are  extremely  hard,  and  have  prefented  nearly  an 
equal  refiftance  to  the  operation  of  the  waters. 

Though,  in  the  tops  of  fome  hills  which  are 
flat,  and  pretty  extenfive,  we  find  hard  ftone 
immediately  under  the  vegetable  foil  ; yet  it 
fhould  be  remarked,  that,  in  every  example  of 
this  kind,  what  appears  to  be  the  fummit  of  a 
hill  is  only  a continuation  of  fome  more  elevat- 
ed hill  in  the  neighbourhood,  the  upper  ftrata 
of  which  confift  of  foft,  and  the  inferior  ftrata 
of  hard  ftone;  and  the  hard  ftone  found  on  the 
top  of  the  firft  hill  is  only  a continuation  of  the 
under  ftrata  of  the  higher  hill. 

Still,  however,  on  the  tops  of  hills  wfiich  are 
not  furmounted  by  higher  grounds,  the  ftone 
is  moftly  of  a foft  and  friable  nature  ; and  hard 
ftone  cannot  be  had  without  digging  to  a confi- 
derable  depth.  It  is  between  thefe  layers  of 

hard 
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hard  flone  only  that  marble  is  to  be  found  ; and 
it  is  variegated  with  different  colours  by  metallic 
fubftances  carried  down  by  rain-water,  and  fil- 
trated through  the  ftrata  : And  it  is  probable 
that,  in  every  country  which  furnifhes  ftones, 
marble  would  be  found,  if  pits  were  dug  to  a 
fufficient  depth  : £>uoto  enim , fays  Pliny,  loco  non 
fuum  marmor  hivenitur?  It  is,  in  fad:,  a more 
common  flone  than  is  generally  imagined,  and 
differs  from  other  ftones  only  in  the  finenefs  of 
its  grain,  which  renders  it  compad,  and  fufcep- 
tible  of  a fine  and  brilliant  polifh. 

Both  the  perpendicular  fiffures,  and  the  hori- 
zontal joints  of  quarries,  are  often  filled,  or  en- 
crufted,  with  concretions,  which  are  fometimes 
tranfparent,  and  of  regular  figures,  as  cryflals, 
and  fometimes  earthy  and  opaque.  Water  runs 
through  the  perpendicular  fiffures,  and  even 
penetrates  the  clofe  texture  of  the  flone  itfelfi 
Stones  which  are  pprous  imbibe  water  fo  copi- 
oufly,  that  frofl  fplits  them  in  pieces.  The  rain- 
waters, by  filtrating  through  different  ftrata,  are 
impregnated  wfith  a great  variety  of  fubftances. 
They  firft  fink  through  the  perpendicular  fif- 
fures ; they  then  penetrate  the  ftrata  of  flone, 
and  depofite  in  the  horizontal  joints,  as  well  as 
in  the  perpendicular  fiffures,  fuch  matter  as  they 
colled  in  their  courte,  and  give  rife  to  different 
concretions,  according  to  the  nature  of  thefe 
fubftances.  For  example,  when  the  water  fil- 
trates through  marl,  clay,  or  foft  flone,  the  mat- 
ter 
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ter  which  it  depofites  is  nothing  hut  a fine  pure 
marl,  and  commonly  appears  in  the  perpendi- 
cular fiffures  under  the  form  of  a porous,  foft, 
white,  light  fubftance,  known  among  natu- 
ralifts  under  the  name  of  Lac  Luna , or  Medulla 
Saxi. 

When  veins  of  Water,  charged  with  ftony 
matter,  run  along  the  horizontal  joints  of  foft 
Hone  or  chalk,  this  matter  adheres  to  the  furface 
of  the  ftones,  and  forms  a white,  fdaly,  light, 
and  fpongy  cruft,  which,  from  its  refemblancè 
to  the  agaric,  has  been  called  mineral  agaric . But* 
if  the  ftrata  through  which  the  water  penetrates 
be  hard  ftone,  the  filter  being  clofer,  the  water 
it  allows  to  pafs  will  be  impregnated  with  a fto- 
ny matter  more  pure  and  homogeneous  ; and, 
confequently,  the  particles  being  capable  of  a 
more  compadt  and  intimate  union,  will  form 
concretions,  nearly  of  equal  denfity  with  the 
ftone  itfelf,  and  fomewhat  tranfparent.  In  quar- 
ries of  this  kind,  the  furface  of  the  ftones  are 
encrufted  with  undulated  concretions,  which  en- 
tirely fill  up  the  horizontal  joints. 

In  grottos  and  cavities  of  rocks,  which  may 
be  regarded  as  the  bafins  or  common  fewers  of 
the  perpendicular  filfurCvS,  the  different  directions 
of  the  veins  of  water  give  different  forms  to  the 
concretions  that  refult  from  them.  Thefe  forms 
are  generally  wreathed,  or  refemble  an  invert- 
ed cone,  attached  to  the  roof  of  the  cavern  ; 
or,  rather,  they  are  white,  hollow  cylinders,  com- 
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pofed  of  concentric  coats.  The  impregnated 
waters  fometimes  fall  in  drops  upon  the  floor  of 
the  cavern,  and  form  columns,  and  a thoufand 
whimfical  figures,  to  which  naturalifts  have 
given  the  different  appellations  of  Jlalafiites^Jle- 
leg mites , ojleo  colics , &c. 

Lqftly , When  the  concreting  juices  iffue  im- 
mediately from  marble,  or  very  hard  ftone,  the 
lapidific  matter  is  rather  diffolved  than  fufpend- 
ed  in  the  water,  and  it  forms  a kind  of  columns 
with  triangular  points,  which  are  tranfparent, 
and  confift  of  oblique  coats.  This  fubftance  is 
diftinguifhed  by  the  name  oî f par  or  fpalt . It  is 
tranfparent  and  colourlefs,  except  when  the 
ftone  or  marble  through  which  it  filtrates  con- 
tains metallic  particles.  This  fpar  is  of  equal 
hardnefs  with  the  ftone  itfelf,  and  it  diffolves  in 
acids,  and  calcines  with  the  fame  degree  of  heat. 
Hence  it  is  evident,  that  fpar  is  a true  ftone,  and 
perfectly  homogeneous.  It  may  even  be  con- 
fidered  as  a pure  and  elementary  ftone. 

Moft  naturalifts,  however,  confider  this  as  a 
diftinâ  fubftance,  exifting  independent  of  ftone  : 
It  is  the  lapidific  or  cryftalline  juice,  which,  in 
their  eftimation,  not  only  cements  the  particles 
of  common  ftone,  but  even  thofe  of  flint.  This 
juice,  they  allege,  daily  augments  the  denfity 
of  ftones  by  reiterated  filtrations,  and  at  laft 
converts  them  into  flint  : When  concreted  into 
fpar,  it  perpetually  receives  frefh  fupplies  of  ftill 
purer  juice,  which  increafes  both  its  hardnefs 
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and  its  denfity,  till  it  changes  to  the  confiftence 
of  glafs,  then  to  that  of  cryftal,  and  at  laft  it  is 
converted  into  genuine  diamond. 

But,  on  this  fuppofition,  Why  does  the  lapi- 
dific  juice  produce  ftone  in  fome  provinces  only, 
and  nothing  but  flint  in  others  ? It  may  be  laid, 
that  the  one  province  is  lefs  ancient  than  the 
other,  and  that  the  juice  has  not  had  time  fuffi- 
cient  to  complete  its  natural  operations.  But  in 
this  there  is  not’ the  fhadow  of  probability.  Be- 
ll des,  from  whence  does  this  juice  proceed  ? If  it 
gives  rife  to  ftones  and  flints,  from  whence  does 
it  derive  its  own  origin  ? It  is  obvious,  that  it 
has  no  exiftence  independent  of  thofe  fubftances 
which*  alone  can  impart  to  the  water  that  pene- 
trates them,  a petrifying  quality  that  uniform- 
ly correfponds  with  their  nature  and  peculiar 
properties.  Thus,  when  it  filtrates  through 
ftone,  it  produces  fpar;  when  it  iffues  from  flint, 
it  forms  cryftal  ; and  there  are  as  many  fpecies 
of  this  juice  as  of  bodies  from  which  it  proceeds. 
Experience  confirms  this  account  of  the  matter. 
The  waters,  which  filtrate  through  quarries  of 
common  ftone,  form  tender  and  calcinable  con* 
cretions  fimilar  to  the  ftones  themfelves.  On 
the  other  hand,  the  waters  which  exude  from 
granite  or  from  flint,  produce  concretions  hard 
and  vitrifiable,  and  they  have  all  the  other  pro- 
perties of  flint,  as  the  former  had  all  thofe  of 
ftone.  In  the  fame  manner,  the  waters,  which  fil- 
trate through  mineral  and  metallic  fubftances, 
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give  rife  to  pyrites,  marcafites,  and  metallic 
grains. 

It  was  formerly  remarked,  that  all  matter 
might  be  divided  into  the  two  great  clafles  of 
Vitrifiable  and  Calcinable.  Clay  and  flint,  marl 
and  ftone,  may  be  regarded  as  the  two  extremes 
of  each  clafs,  the  intervals  between  which  are 
filled  with  an  almoft  infinite  variety  of  mixts, 
that  have  always  one  or  other  of  thefe  fubftances 
for  their  bafis. 

The  fubftances  belonging  to  the  firft  clafs  can 
never  acquire  the  properties  of  thofe  of  the  lat- 
ter. Stone,  however  ancient,  will  for  ever  be 
equally  removed  from  the  nature  of  flint,  as  clay 
is  from  that  of  marl.  No  known  agent  dan  ever 
force  them  from  the  circle  of  combinations  pe- 
culiar to  their  nature.  Places  which  produce 
marble  and  ftone  will  always  continue  to  do  fo, 
as  infallibly  as  thofe  that  produce  only  fand-* 
ftone,  flint,  and  granite,  will  never  produce  lime  - 
ftone  or  marble. 

If  we  examine  the  order  and  diftribution  of 
the  materials  of  a hill  compofed  of  vitrifiable 
fubftances,  we  fhall  generally  find,  under  the  ve-* 
getable  foil,  a ftratum  of  clay,  which  is  likewife 
a vitrifiable  fubftance  analogous  to  flint,  and 
which,  as  already  remarked,  is  only  a decompo-* 
fition  of  vitrifiable  fand  ; or  rather,  we  fhall  find, 
under  the  foil,  a ftratum  of  vitrifiable  fand.  This 
ftratum  of  clay  or  of  fand  correfponds  with  the 
bed  of  gravel  in  hills  confiding  of  calcinable 

g g 2 matters. 


468  OF  NEW  ISLANDS,  &c. 

matters.  Below  the  ftratum  of  clay  or  of  fand* 
we  meet  with  fome  beds  of  free-ftone,  which 
feldom  exceed  half  a foot  in  thicknefs,  and  they 
are  divided  into  fmall  portions  by  perpendicular 
fiffures.  Under  thefe  are  feveral  ftrata  of  the 
fame  matter,  and  likewife  beds  of  vitrifiable 
fand.  In  proportion  as  we  defcend,  the  free- 
ftone  is  more  denfe,  and  its  thicknefs  increafes. 
Below  thefe,  we  find  what  I call  live-rock , or 
flint  in  large  maflfes , a fubftance  fo  hard  as  to  re- 
fill the  file,  and  all  kinds  of  acids,  more  power- 
fully than  vitrifiable  fand  or  powder  of  glafs, 
upon  which  aquafortis  feems  to  have  fome  effedh 
When  ftruck  with  another  hard  body,  it  throws 
out  fparks  of  fire,  and  exhales  a penetrating  ful- 
phureous  vapour.  This  flinty  fubftance  is  com- 
monly found  along  with  beds  of  clay,  of  flate, 
of  pit-coal,  of  vitrifiable  fand  ; and  it  corre- 
fponds  to  the  ftrata  of  hard  ftone  and  marble, 
which  ferve  as  the  bafes  of  hills  that  confift  of 
calcinable  matter. 

The  waters,  in  palling  through  the  perpendi- 
cular fiffures,  and  in  penetrating  the  ftrata  of 
vitrifiable  fand,  of  free-ftone,  of  clay,  and  of 
flate,  are  impregnated  with  the  fineft  and  moft 
homogeneous  particles  of  thefe  fubftances,  and 
produce  various  concretions,  fuch  as  talc,  afbef- 
tos,  and  other  bodies  which  owe  their  exiftence 
to  diftillation  through  vitrifiable  matter. 

Flint,  notwithftanding  its  hardnefs  and  denfi- 
ty,  has,  like  marble  and  common  ftone,  its  exu- 
dations. 
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dations,  from  which  refult  ftaladdtes  of  different 
fpecies,  varying  in  tranfparency,  colour,  and  con- 
figuration, according  to  the  nature  of  the  flint 
that  produces  them,  and  to  the  different  metallic 
or  heterogeneous  particles  it  contains.  Rock- 
cryftal,  all  the  precious  ftones,  and  even  the 
diamond  itfelf,  may  be  regarded  as  ftaîa&ites  of 
this  kind.  * The  flints  in  fmall  mafles,  the  ftrata 
or  coats  of  which  are  generally  concentric,  are 
only  ftala&ites  or  parafitical  ftones  from  the 
flints  in  large  mafles;  and  moft  of  the  fine  opaque 
ftones  are  nothing  but  fpecies  of  flint.  The 
fubftanees  produced  by  the  vitrifiable  clafs  of 
bodies  are  not,  as  we  have  feen,  fo  various  as 
the  concretions  formed  by  thofe  of  the  calcinable. 
Moft  of  the  concretions  formed  by  flint  are  hard 
and  precious  ftones;  but  thofe  produced  by  cal- 
careous ftones  are  friable,  and  of  no  value. 

Perpendicular  fiffures  are  found  in  flint-rocks 
as  well  as  in  ftone.  They  are  even  frequently 
larger  in  flint,  which  proves  this  fubftance  to  be 
drier  than  ftone.  Both  the  hill  confiding  of 
calcinable,  and  that  compofed  of  vitrifiable  mat- 
ter, have  clay  or  vitrifiable  fand  for  their  bafes, 
which  are  the  moft  commonly  diffufed  matters 
of  the  globe,  and  which  I regard  as  the  lighteft, 
being  the  fcoriæ  of  the  vitrified  matter  that  con- 
ftitutes  the  interior  parts  of  the  earth.  Thus  all 
mountains  as  well  as  plains  are  founded  either 
on  clay  or  fand.  We  have  feen,  for  example, 
in  the  pits  of  Amfterdam,  and  in  that  of  Marly- 
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la-ville,  that  verifiable  fand  was  always  the 
deepeft  ftratum. 

It  may  be  obferved,  in  moft  bare  rocks,  that 
the  walls  of  perpendicular  fiffures,  whether  they 
be  narrow  or  wide,  correfpond  as  exactly  with 
each  other  as  fplit  pieces  of  wood.  In  the  large 
quarries  of  Arabia,  Which  confift  moftly  of  gra- 
nite, the  perpendicular  fiffures  are  frequent  ; and, 
though  fome  of  them  are  20  or  30  yards  wide, 
the  fides  correfpond  exa&ly,  and  leave  a deep 
cavity  between  them*.  It  is  likewife  common  to 
find,  in  perpendicular  fiffures,  fhells  divided  into 
two  pieces,  each  piece  remaining  attached  to  the 
oppofite  fides  of  the  fiffure  ; which  proves,  that 
thefe  fhells  were  depofited  in  the  folid  ftratum 
before  it  was  fplit  f . 

In  fome  quarries  mentioned  by  Mr.  Shaw,  the 
perpendicular  fiffures  are  exceedingly  large;  and 
for  this  reafon,  perhaps,  they  are  lefs  nume- 
rous. In  quarries  of  granite  and  flint  in 
large  maffes,  blocks  of  done  may  be  raifed,  as 
the  obelifks  and  columns  at  Rome,  of  60,  80, 
ioo,  and  150  feet  long,  without  the  leaft  inter- 
ruption. It  appears,  that  thefe  vaft  blocks  have 
been  raifed  from  the  fame  quarry,  and,  like  fome 
fpecies  of  free-ftone,  that  they  may  be  had  of 
any  given  thicknefs.  In  other  fubftances,  the 
perpendicular  fiffures  are  very  narrow,  as  in  clay, 
in  marl,  and  in  chalk  ; and  they  are  wider  in 

* See  Shaw’s  Travels.  f See  Woodward,  p.  298. 
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marble  and  hard  Hone.  Some  are  imperceptible, 
becaufe  they  have  been  filled  with  a matter  near- 
ly fimilar  to  that  of  the  ftone  itfelf;  but  ftill 
they  interrupt  the  continuity  of  the  ftones,  and 
are  called  hairs  by  the  workmen.  I have  often 
remarked,  that  thefe  hairs  in  marble  and  ftone 
differed  from  perpendicular  fiflures  only  in  the 
reparation  of  parts  not  being  complete.  Thefe 
fpecies  of  fiflures  are  filled  with  a tranfparent 
matter,  which  is  a true  fpar.  In  quarries  of 
free-ftone,  the  fiflures  are  numerous,  and  confi- 
derably  large,  becaufe  rocks  of  this  kind  have 
often  a lefs  folid  bafe  than  that  which  fupports 
marble  or  lime-ftone,  the  former  generally  reft- 
ing  upon  a fine  fand,  and  the  latter  upon  clay* 
In  many  places,  free-ftone  is  not  to  be  found  in 
large  mafles  ; and  in  mod  quarries,  where  this 
ftone  is  good,  the  blocks  lie  irregularly  upon  one 
another,  in  the  form  of  cubes  or  parallelopipeds, 
as  in  the  hills  of  Fountainbleau,  which  appear, 
at  a diftance,  like  the  ruins  of  old  buildings. 
This  irregular  difpofition  has  been  occafioned  by 
the  fandy  foundation  of  thefe  hills  allowing  the 
blocks  to  fink  and  tumble  upon  each  other, 
efpecially  where  quarries  have  been  formerly 
wrought,  which  has  given  rife  to  a great  variety 
of  fiflures  and  intervals  between  the  different 
blocks:  And  it  may  be  remarked,  in  all  coun- 
tries abounding  with  fand  and  free-ftone,  that 
there  are  many  fragments  of  rocks  and  large 
ftones  in  the  middle  of  the  plains  and  valleys  ; 
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and  that,  on  the  contrary,  in  countries  abound- 
ing with  marble  and  hard  ftone,  thefe  fcattered 
fragments,  which  have  rolled  down  from  the 
hills,  are  exceedingly  rare.  This  phænomenon 
is  owing  to  the  different  folidities  of  the  bafes 
upon  which  thefe  ftones  are  fupported,  and  to 
the  extent  of  the  banks  of  marble  or  lime-ftone, 
which  is  always  more  confiderable  than  that  of 
free-ftone. 


proofs 

OF  THE 

THEORY  of  the  EARTH. 


ARTICLE  XVIII. 

Of  the  Effects  of  Rains — Of  Marjhes , Subterra- 
neous Wood  and  Waters . 

IT  has  already  been  remarked,  that  rains, 
and  the  currents  of  water  which  they  pro- 
duce, continually  detach,  from  the  fummits  and 
fides  of  mountains,  earth,  gravel,  &c.  and 
carry  them  down  to  the  plains  ; and  that  the 
rivers  tranfport  part  of  them  to  the  fea.  The 
plains,  therefore,  by  frefh  accumulations  of  mat- 
ter, are  perpetually  rifing  higher  ; and  the  moun- 
tains, for  the  fame  reafon,  are  conftantly  dimi- 
nifhing  both  in  fize  and  elevation.  Of  the 
finking  of  mountains,  Jofeph  Blancanus  relates 
feveral  faâs  which  were  publicly  known  in  his 
time.  The  fteeple  of  the  village  of  Craich,  in 
the  county  of  Derby,  was  not  vifible  in  1572, 
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from  a certain  mountain,  on  account  of  a higher 
mountain  which  intervened;  but  80  or  ioo 
years  afterwards,  not  only  the  fteeple,  but  like- 
wife  part  of  the  church,  were  vifible  from  the 
fame  ftation.  Dr,  Plot  gives  a fimilar  example 
of  a mountain  between  Sibbertoft  and  Afhby,  in 
the  county  of  Northampton.  Sand,  earth,  gra- 
vel, and  fmall  ftones,  are  not  only  carried  down 
by  the  rains,  but  they  fometimes  undermine  and 
drive  before  them  large  rocks,  which  confider- 
ably  diminish  the  height  of  mountains.  In  ge- 
neral, the  rocks  are  pointed  and  perpendicular 
in  proportion  to  the  height  and  fteepnefs  of 
mountains.  The  rocks  in  high  mountains 
are  very  ftraight  and  naked.  The  large  frag- 
ments which  appear  in  the  valleys  have  been  de- 
tached by  the  operation  of  water  and  of  frofts. 
Thus  fand  and  earth  are  not  the  only  fubftances 
detached  from  mountains  by  the  rains  ; they  at- 
tack the  hardeft  rocks,  and  carry  down  large  frag- 
ments of  them  into  the  plains.  At  Nant-phran- 
con,  in  1685,  a part  of  a large  rock,  which  was 
fapported  on  a narrow  bafe,  being  undermined  by 
the  waters,  fell  and  fplit  into  a number  of  frag- 
ments, the  largeft  of  which  made  deep  trenches 
in  the  plain,  crofted  a fmall  river,  and  flopped 
on  the  other  lide.  To  fimilar  accidents  we 
mud  afcribe  the  origin  of  all  thofe  large  ftones 
which  are  found  in  valleys  adjacent  to  moun- 
tains. This  phænomenon,  as  formerly  remark- 
ed, is  more  common  in  countries  where  the 
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mountains  are  compofed  of  fand  and  free-ftone, 
than  in  thofe  the  mountains  of  which  confift  of 
clay  and  marble;  becaufe  fand  is  a lefs  folid  bafis 
than  clay. 

To  give  an  idea  of  the  quantity  of  earth  de- 
tached from  mountains  by  the  rains,  we  (hall 
quote  a paflage  on  this  fubjed:  from  Dr.  Plot’s 
natural  hiftory  of  Stafford.  He  remarks,  that 
a great  number  of  coins  ft  ruck  in  the  reign  of 
Edward  IV.  i.  e.  200  years  ago,  were  found  bu- 
ried 18  feet  below  the  furface:  Hence,  he  con- 
cludes, that  the  earth,  which  is  marfhy  where  the 
coins  were  found,  augments  about  a foot  in  ele- 
ven years,  or  an  inch  and  a twelfth  each  year. 
A fimilar  obfervation  may  be  made  on  trees  bu- 
ried 17  feet  below  the  furface,  under  which  were 
found  medals  of  Julius  Cæfar.  Thus,  the  foil 
of  the  plains  is  confiderably  augmented  and  ele- 
vated by  the  matters  wafhed  down  from  the 
mountains. 

The  fand,  gravel,  and  earth  carried  down  from 
the  mountains  into  the  plains,  form  beds  which 
ought  not  to  be  confounded  with  the  original 
ftrata  of  the  globe.  To  the  former  belong  the 
beds  of  tu,fa,  of  foft  ftone,  and  of  fand  and  gra- 
vel which  have  been  rounded  by  the  operation 
of  water.  To  thefe  may  be  added  thofe  beds 
of  ftone  which  have  been  formed  by  a fpecies  of 
incruftation,  none  of  which  derive  their  ori- 
gin from  the  motion  or  fediments  of  the  fea.  In 
thefe  ftrata  of  tufa  and  of  foft  imperfedt  ftones, 
1 we 
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we  find  a number  of  different  vegetables,  leaves 
of  trees,  land  or  river- fhel Is,  and  finall  terreftrial 
animals,  but  never  fea-fhells,  or  other  produc- 
tions of  the  ocean.  This  circumftance,  joined 
to  their  want  of  folidity,  evidently  proves,  that 
thefe  ftrata  have  been  fuperinduced  upon  the  dry 
furface  of  the  earth,  and  that  they  are  more  re- 
cent than  thofe  of  marble  and  other  ftones,  which 
contain  fea-fhells,  and  have  been  originally  form- 
ed by  the  waters  of  the  fea.  Tufa,  and  other 
new  ftones,  appear  to  be  hard  and  folid  when 
firft  dug  out  of  the  earth  ; but  they  foon  diffolve 
after  being  expofed  to  the  operation  of  the  wea- 
ther* Their  fubftance  is  fo  different  from  that 
of  true  ftone,  that,  when  broken  down  in  order 
to  make  fand  of  them,  they  change  into  a kind 
of  dirty  earth.  The  ftala&ites,  and  other  ftony 
concretions  which  Mr.  Tournefort  apprehended 
to  be  marbles  that  had  vegetated,  are  not  ge- 
nuine ftones.  We  have  already  fhown,  that  the 
formation  of  tufa  is  not  ancient  ; and  that  it  is  not 
entitled  to  be  ranked  with  ftones.  Tufa  is  an  im- 
perfect fubftance,  differing  from  ftone  or  earth, 
but  deriving  its  origin  from  both  by  the  inter- 
vention of  rain  water,  in  the  fame  manner  as 
incruftations  are  formed  by  the  waters  of  certain 
fprings.  Thus,  the  ftrata  of  thefe  fubftances  are 
not  ancient;  nor  have  they,  like  the  other  fpe- 
cies,  been  formed  by  fediments  from  the  waters 
of  the  ocean.  The  ftrata  of  turf  are  alfo  recent 
and  have  been  produced  by  fucceffive  accumula- 
tions 
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tions  of  half  corrupted  trees  and  other  vegetables, 
which  owe  their  prefervation  to  a bituminous 
earth.  No  production  of  the  fea  ever  appears  in 
any  of  thefe  new  ftrata.  But,  on  the  contrary, 
we  find  in  them  many  vegetables,  the  bones  of 
land-animals,  and  land  and  river-fhells.  In  the 
meadows  near  Alhly,  in  the  county  of  North- 
ampton, for  example,  they  find,  feveral  feet 
below  the  furface,  fnail-fhells,  plants,  herbs,  and 
feveral  fpecies  of  river-fhells,  well  preferved  ; 
but  not  a fingle  fea-fhell  appears*.  All  thefe 
new  ftrata  have  been  formed  by  the  waters  on 
the  furface  changing  their  channels,  and  d iff  lift- 
ing themfelves  on  all  Tides.  Part  of  thefe  wa- 
ters penetrate  the  earth,  and  run  along  the  fif- 
fures  of  rocks  and  ftones.  The  reafon  why  wa- 
ter is  fo  feldom  found  in  high  countries,  or  on  the 
tops  of  hills,  is,  becaufe  high  grounds  are  ge- 
nerally compofed  of  ftones  and  rocks.  To  find 
water,  therefore,  we  muft  cut  through  the  rocks 
till  we  arrive  at  clay  or  firm  earth.  But,  when 
the  thicknefs  of  the  rock  is  great,  as  in  high  moun- 
tains where  the  rocks  are  often  1000  feet  high, 
it  is  impoffible  to  pierce  them  to  their  bafe  ; and 
confequently  it  is  impoffible  to  find  water  in  fuch 
fituations.  There  are  even  extenfive  countries 
that  afford  no  water,  as  in  Arabia  Petrea,  which 
is  a defert  where  no  rains  fall,  where  the  furface  of 
the  earth  is  covered  with  burning  fands,.  where 
there  is  hardly  the  appearance  of  any  foil,  and 
where  nothing  but  a few  fickly  plants  'are  pro- 
* See  Phil.  Tranf,  Abridg.  vol,  iv,  p.  271.  . 
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duced.  In  this  miferable  country,  wells  are  fo 
rare,  that  travellers  enumerate  only  five  be- 
tween Cairo  and  Mount  Sinai,  and  the  water 
they  contain  is  bitter  and  faldfh. 

When  the  fuperficial  waters  can  find  no  out- 
lets or  channels,  they  form  marfhes  and  fens. 
The  moil  celebrated  fens  in  Europe  are  thofe  of 
Rufiia  at  the  four  ce  of  the  Tanais  ; and  thofe  of 
Savolaxia  and  Enafak  in  Finland  : There  are  alfo 
confiderable  marfhes  in  Holland,  Weftphalia,  and 
other  countries.  In  Afia  are  the  marfhes  of  the 
Euphrates,  of  Tartary,  and  of  the  Palus  Meotis. 
However,  marfhes  are  lefs  frequent  in  Afia  and 
Africa  than  in  Europe.  But  the  whole  plains 
of  America  may  be  regarded  as  one  continued 
marfh,;  which  is  a greater  proof  of  the  modern- 
nefs  of  this  country,  and  of  the  fcarcity  of  its 
inhabitants,  than  of  their  want  of  induftry. 

There  are  extenfive  fens  in  England,  particu- 
larly in  Lincolnfhire,  near  the  fea,  which  has 
loft  a great  quantity  of  land  on  one  fide,  and 
gained  as  much  on  the  other.  In  the  ancient 
foil  many  trees  are  found  buried  under  the  new 
earth  which  has  been  tranfported  and  depofited 
by  the  water:  The  fame  phænomenon  is  com- 
mon in  the  marfhes  of  Scotland.  Near  Bruges 
in  Flanders,  in  digging  to  the  depth  of  40  or  50 
feet,  a vaft  number  of  trees  were  found,  as  clofe 
to  each  other  as  they  are  in  a foreft.  Their 
trunks,  branches,  and  leaves  were  fo  well  pre- 
ferved,  that  their  different  fpecies  could  be  eafily 
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diftinguifhed.  About  500  years  ago,  the  earth 
where  thefe  trees  were  found  was  covered  with 
the  fea;  and,  before  this  time,  we  have  neither 
record  nor  tradition  of  its  exiftence.  It  mu  ft, 
however,  have  been  dry-land  when  the  trees 
grew  upon  it.  Thus  the  land,  that,  in  fome  re- 
mote period,  was  firm,  and  covered  with  wood, 
has  been  overwhelmed  with  the  waters  of  the 
fea,  which,  in  the  courfe  of  time,  have  depofited 
40  or  50  feet  of  earth  upon  the  ancient  furface, 
and  then  retired.  A number  of  fubterraneous 
trees  was  likewife  difeovered  at  Youle  in  York- 
fhire,  near  the  river  Humber.  Some  of  them 
are  fo  large  as  to  be  of  ufe  in  building  ; and  it  is 
affirmed,  that  they  are  as  durable  as  oak.  The 
country-people  cut  them  into  long  thin  flices, 
and  fell  them  in  the  neighbouring  villages,  where 
the  inhabitants  employ  them  for  lighting  their 
pipes.  All  thefe  trees  appear  to  be  broken  ; and 
the  trunks  are  feparated  from  the  roots,  as  if 
they  had  been  thrown  down  by  a hurricane  or 
an  inundation.  The  wood  appears  to  be  fir  ; it 
has  the  fame  fmell  when  burnt,  and  makes  the 
fame  kind  of  charcoal*.  In  the  Ifle  of  Man, 
there  is  a marfh  called  Curragh , about  fix  miles 
long  and  three  broad,  where  fubterraneous  fir- 
trees  are  found;  and,  though  18  or  20  feet  be- 
low the  furface,  they  ftand  firm  on  their  roots  f. 
Thefe  trees  are  common  in  the  mai  fhes  and  bogs 

of  . 
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of  Somerfet,  Chefter,  Lancaflnre,  and  Stafford# 
In  fome  places  there  are  fubterraneous  trees 
which  have  been  cut,  fawed,  and  fquared  by  the 
hands  of  men  ; and  even  axes,  and  other  imple- 
ments are  often  found  near  them.  Between 
Birmingham  and  Bromley,  in  the  county  of 
Lincoln,  there  are  hills  of  a fine  light  fand, 
which  is  blown  about  by  the  winds,  and  trans- 
ported by  the  rains,  leaving  bare  the  roots  of 
large  firs,  in  which  the  impreffions  of  the  ax  are 
ftill  exceedingly  apparent.  Thefe  hills  have  un- 
queftionably  been  formed,  like  downs,  by  fuc- 
ceffive  accumulations  of  fand  tranfported  by  the 
motions  of  the  fea.  Subterraneous  trees  are  al- 
fo  frequent  in  the  marfhes  of  Holland,  Friefland, 
and  near  Groningen,  which  abound  in  turfs. 

Subterraneous  trees  are  of  different  fpecies, 
viz.  firs,  oaks,  birch,  beech,  yew,  hawthorn,  wil- 
low, afh,  &c.  In  the  fens  of  Lincoln,  along 
the  river  Oufe,  and  on  Hatfield-chace  in  York- 
lhire,  thefe  trees  ftand  eredt,  as  if  they  were 
growing  in  a foreft.  The  oaks  are  extremely 
hard,  and  are  ufed  in  building,  where  they  are 
faid  to  laft  long,  which  I think  improbable,  as 
all  the  fpecimens  I have  examined  lofe  their  fo- 
lidity,  after  being  dried  and  expofed  to  the  air. 
The  afhes  are  tender,  and  foon  fall  into  duft. 
Some  of  thefe  trees  are  evidently  cut  and  fawed 
with  inftruments  ; and  the  hatchets,  which  are 
fometimes  found  along  with  them,  refemble  the 
knives  formerly  ufed  in  facrifices.  Befide  trees, 
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we  alfo  meet  with  vaft  quantities  of  filberds, 
acorns,  and  fir  cones,  in  many  other  fens  in  Eng- 
land, Scotland,  and  Ireland,  as  well  as  in  the 
marfhes  of  France,  Switzerland,  Savoy,  and 
Italy  *. 

For  four  miles  round  the  town  of  Modena, 
whenever  the  earth  is  dug  to  the  depth  of  63 
feet,  the  workmen  pierce  about  five  feet  more 
with  a boring  inftrument,  through  which  the 
water  rufhes  up  with  fuch  impetuofity,  that  it 
fills  the  wells  to  the  top,  almoft  inftantaneoufly. 
The  water  in  thefe  wells  continues  perpetually, 
and  is  neither  augmented  nor  diminifhed  by 
rains  or  drought.  What  is  ftill  more  remark- 
able in  this  fpot,  whenever  the  workmen  dig  to 
the  depth  of  14  feet,  they  find  the  rubbifh  and 
ruins  of  an  ancient  city,  paved  ftreets,  houfes, 
and  different  pieces  of  Mofaic  work.  Below 
this,  the  earth  is  folid,  and  appears  not  to  have 
been  moved.  Still  lower,  however,  we  find  a 
moift  foil  mixed  with  vegetables  ; and,  at  the 
depth  of  26  feet,  entire  trees,  as  filberds,  with 
nuts  upon  them,  and  great  quantities  of  branches 
and  leaves.  At  28  feet,  there  is  a ftratum  of 
foft  chalk,  11  feet  thick,  mixed  with  fea-fhells; 
and  after  this  we  ftill  meet  with  vegetables, 
leaves  and  branches  of  trees,  till  we  arrive  at  the 
depth  of  63  feet,  where  there  is  a ftratum  of 
fand  mixed  with  gravel  and  fhells,  fimilar  to 
thofe  which  appear  on  the  coafts  of  Italy.  Thefe 

* See  Phil.  Tranf.  Abridg.  vol.  iv.  p.  218,  &c. 
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fucceflive  ftrata  lie  always  in  the  fame  order, 
wherever  pits  have  been  dug  ; and  fometimes 
the  boring  infiniment  falls  in  with  the  trunks  of 
large  trees,  which  the  workmen  pierce  with 
great  labour:  They  likewife  meet  with  bones  of 
animals,  pit-coal,  flints,  and  pieces  of  iron.  Ra- 
mazzini,  who  relates  thefe  fads,  thinks,  that  the 
gulf  of  Venice  formerly  extended  beyond  Mo- 
dena, and  that  this  land,  in  the  progrefs  of  time, 
has  been  gradually  formed  by  the  rivers,  aflifted, 
perhaps,  by  inundations  of  the  fea. 

I will  infill  no  longer  upon  the  varieties  in  the 
compofition  of  new  ftrata.  It  is  fufficient  to 
have  fhown  that  they  have  been  produced  by 
no  other  caufe  than  the  waters  which  run  or  are 
ftagnant  upon  the  furface,  and  that  they  are 
neither  fo  hard  nor  fo  folid  as  the  ancient  ftrata 
which  were  formed  under  the  waters  of  the 
ocean. 


PROOFS 


THEORY  of  the  EARTH. 


ARTICLE  XIX. 


ROM  what  has  been  remarked  in  article  i. 


7.  8.  and  9.  it  is  apparent,  that  the  ter- 
reftrial  globe  has  undergone  fome  great  and  ge- 
neral changes  ; and  it  is  equally  certain,  from 
what  has  been  delivered  in  the  other  articles, 
that  the  furface  of  the  earth  has  fuffered  parti- 
cular alterations.  Though  we  are  not  fufficient- 
ly  acquainted  with  the  order  or  fucceffion  of 
thefe  particular  changes,  we  know  the  principal 
caufes  by  which  they  were  produced.  We  can 
even  diflinguifh  their  different  effects  ; and,  if  we 
were  able  to  collect  all  the  fads  which  natural 
$nd  civil  hiftory  afford  concerning  the  revolu- 
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lions  that  have  happened  on  the  furface  of  the 
earth,  our  theory  would  unqueftionably  receive 
additional  fupports,  and  would  be  rendered  ftill 
more  fatisfadory. 

One  of  the  principal  caufes  of  thefe  revolu- 
tions is  the  motion  of  the  fea,  which  has  conti- 
nued invariably  the  fame  in  all  ages  ; for,  as  the 
fun,  the  moon,  the  earth,  the  waters,  the  air,  &e. 
have  exifted  from  the  moment  of  creation,  the 
effeds  of  the  tides,  of  the  motion  of  the  fea  from 
eaft  to  weft,  of  the  currents,  and  of  the  winds, 
muft  have  been  felt  for  an  equal  time  : And, 
even  fuppofing  the  axis  of  the  globe  to  have 
formerly  had  a different  inclination,  and  that 
the  continents,  as  well  as  the  feas,  were  differ- 
ently difpofed,  the  motions  of  the  ocean,  and 
the  caufes  and  effeds  of  the  winds,  would  have 
remained  unaltered.  In  whatever  part  of  the 
globe  the  immenfe  quantities  of  water  which 
fill  the  ocean  were  colleded,  they  would  be  fub- 
jed  to  the  fame  motions. 

It  was  no  fooner  fufpeded  that  our  continent 
might  formerly  have  been  the  bottom  of  the 
fea,  than  the  fad  became  inconteftible.  The 
fpoils  of  the  ocean  found  in  every  place,  the  ho- 
rizontal pofition  of  the  ftrata,  and  the  correfpond- 
ing  angles  of  the  hills  and  mountains,  appear- 
ed to  be  convincing  proofs  ; for,  when  we  ex- 
amine the  plains,  the  valleys,  and  the  hills,  it  is 
apparent,  that  the  furface  of  the  earth  has  been 
figured  by  the  waters.  \Vhen  we  defcend  into 
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the  bowels  of  the  earth,  it  is  equally  evident, 
that  thofe  ftones  which  include  fea-fhells,  have 
been  formed  by  fediments  depofited  by  the  wa- 
ters, fince  the  fea-fhells  themfelves  are  impreg- 
nated with  the  fame  matter  that  furrounds  them. 
And,  in  fine,  if  we  confider  the  correfponding 
angles  of  the  hills  and  mountains,  we  cannot  he- 
fitate  in  pronouncing,  that  they  received  their 
configuration  and  diredion  from  currents  of  the 
ocean.  It  is  true,  that,  fince  the  earth  was  firft 
left  uncovered  with  water,  the  original  figure  of 
its  furface  has  been  gradually  changing:  The 
mountains  have  diminifhed  in  height;  the  plains 
have  been  elevated  ; the  angles  of  the  hills  have 
become  more  obtufe;  thofe  bodies  which  have 
been  rolled  along  by  the  rivers  have  received  a 
roundifh  figure  ; new  beds  of  tufa,  of  foft  ftone, 
of  gravel,  &c.  have  been  formed.  But  evely 
thing  has  remained  effentially  the  fame.  The  an- 
cient form  is  ftill  recognifable  ; and  I am  per- 
fuaded,  that  every  man  may  be  convinced,  by 
his  own  eyes,  of  the  truth  of  all  that  has  been 
advanced  on  this  fubjed;  and,  that  whoever  has 
attended  to  the  proofs  I have  given,  rauft  be  fully 
fatisfied,  that  the  earth  was  formerly  under  the 
waters  of  the  ocean,  and  that  the  furface  which 
we  now  behold,  received  its  configuration  from 
the  currents  and  movements  of  the  fea. 

We  formerly  remarked,  that  the  principal 
motion  of  the  fea  is  from  eaft  to  weft.  The 
ocean,  accordingly,  feems  to  have  gained  from 
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the  eaftern  coafts  both  of  the  Old  and  the  New4 
Continent,  a fpace  of  no  lels  than  500  leagues. 
For  the  proofs,  we  muft  refer  to  Art.  IX.  and 
fhall  here  only  add,  that  the  direction  of  all 
ftraits  which  join  two  feas,  is  from  eaft  to  weft. 
The  ftraits  of  Magellan,  of  Frobifher,  of  Hud- 
ion,  of  Ceylon,  of  the  fea  of  Corea,  and  of 
Kamtfchatka,  lie  all  in  this  direction,  and  ap- 
pear to  have  been  formed  by  the  irruption  of 
the  waters,  which,  being  forcibly  pufhed  from 
eaft  to  weft,  have  opened  thefe  paflages,  where 
the  waters  ftill  preferve  a ftronger  current  in  this 
than  in  any  other  direction  ; for,  in  all  ftraits  of 
this  kind,  the  tides  are  high  and  violent  ; but, 
in  thofe  fituated  on  the  weftern  coafts,  as  that  of 
Gibraltar,  of  Sunda,  &c.  the  motion  of  the  tides 
is  almoft  imperceptible. 

The  inequalities  at  the  bottom  of  the  fea 
change  the  diredtion  of  the  motion  of  the  wa- 
ters. Thefe  inequalities  have  originated  from 
fediments  and  matters  tranfported  by  the  tides, 
or  by  other  movements  in  the  water  : The  tides 
are  the  principal  and  firft,  though  not  the  only 
caufe,  which  produced  thefe  inequalities.  The 
wind  is  another  caufe  ; though  its  action  be- 
gins at  the  furface,  it  agitates  the  whole  mafs  to 
the  greateft  depths,  as  appears  from  particular 
bodies  which  are  detached  from  the  bottom  of 
the  fea,  and  thrown  afhore  during  violent  florins 
only. 
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It  has  already  been  mentioned,  that,  between 
the  Tropics,  and  even  fome  degrees  beyond  them, 
an  eaft  wind  perpetually  blows.  This  wind, 
which  aflifts  the  general  motion  of  the  fea  from 
eaft  to  weft,  is  as  ancient  as  the  tides  ; becaufe 
it  is  occafioned  by  the  rarefaction  of  the  air 
produced  by  the  heat  of  the  fun.  There  are 
two  combined  caufes,  therefore,  the  operation 
of  which  is  greateft  in  the  equatorial  regions  : 
1 y?,  The  tides,  which  are  greateft  in  the  fouthern 
latitudes;  and,  Q.dy  The  eaft  winds,  which  con- 
ftantly  reign  in  thefe  climates.  Thefe  two  caufes 
have  concurred,  from  the  firft  formation  of  the 
earth,  in  producing  a motion  in  the  waters  from 
eaft  to  weft,  and  in  agitating  them  more  vio- 
lently in  this  region  of  the  globe  than  in  any 
other.  It  is  for  this  reafon  that  we  find  between 
the  Tropics  the  greateft  inequalities  upon  the 
furface  of  the  earth.  That  part  of  Africa  which 
lies  between  thefe  circles,  is  nothing  but  a group 
of  different  chains  of  mountains,  which  gene- 
rally extend  from  eaft  to  weft,  as  appears 
from  the  direction  of  the  great  rivers  that  tra- 
verle  this  unknown  region.  The  fame  obfer- 
vation  holds  with  regard  to  the  countries  both 
of  Afia  and  America,  which  lie  between  the 
Tropics. 

The  gênerai  motion  of  the  fea  from  eaft  to 
weft,  combined  with  the  tides,  currents,  and 
winds,  produce  a variety  of  effeCts,  both  on  the 
bottom  of  the  ocean,  and  on  the  coafts.  Vare- 
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nius  thinks  it  extremely  probable,  that  gulfs  and 
ftraits  have  been  formed  by  reiterated  efforts  of 
the  ocean  againft  the  land  ; that  the  gulfs  of 
Arabia,  of  Bengal,  and  of  Cambaya,  have  been 
produced  by  irruptions  of  the  waters,  as  well  as 
the  ftraits  between  Sicily  and  Italy,  between 
Ceylon  and  India,  between  Greece  and  Euboea, 
&c.  ; that  the  probability  of  luch  irruptions,  and 
of  certain  lands  having  been  deferted  by  the 
fea,  is  ftrengthened  by  the  fcarcity  of  iflands  in 
the  middle  of  great  feas,  and  by  their  never  ap- 
pearing there  in  groups  ; that,  in  the  immenfe 
fpace  occupied  by  the  Pacific  Ocean,  there  are 
only  two  or  three  fmall  iflands  near  the  centre 
of  it  ; and  that,  in  the  vaft  Atlantic  Ocean  be- 
tween Africa  and  Brafii,  we  find  only  the  fmall 
iflands  of  St.  Helena  and  Afcenfion  : But  all 
iflands  lie  near  large  continents,  as  thofe  of  the 
Archipelago,  which  approach  the  continents  both 
of  Europe  and  Afia  ; the  Canaries  are  near  Afri- 
ca ; the  Indian  iflands  lie  near  the  eaftern  part 
of  the  continent  of  Afia  ; the  Antilles  lie  off  the 
coaft  of  America;  and  the  Azores  alone  lie  at  a 
confiderable  diftance  both  from  Africa  and  Ame- 
rica. 

The  popular  tradition  among  the  inhabitants 
of  Ceylon,  that  their  ifland  had  been  feparated 
from  the  peninfula  of  India  by  an  irruption  of 
the  fea,  is  extremely  probable.  The  great  num- 
ber of  rocks  and  fhoals  between  the  ifland  of 
Sumatra  and  the  continent  demonftrate  their 
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former  union.  The  Malabarians  affirm,  that 
the  Maldiva  iflands  once  made  a part  of  the  con- 
tinent of  India  ; and,  in  general,  we  may  believe, 
without  hefitation,  that  all  the  eaftern  iflands 
have  been  feparated  from  continents  by  irrup- 
tions of  the  ocean 

The  ifland  of  Great  Britain  appears  to  have 
been  formerly  a part  of  the  continent  ; and  that 
England  was  once  joined  to  France,  the  narrow- 
nefs  of  the  lirait,  and  the  famenefs  of  the  ftrata 
of  ftone  and  of  earth  on  the  oppofite  fides,  are 
a fafficient  indication.  If  we  fuppofe,  fays  Dr. 
Wallis,  that  France  was  connected  to  England 
by  an  ifthmus  between  Calais  and  Dover,  two 
tides  would  neceflarily  flrike  with  violence 
againft  each  fide  of  it  twice  every  twenty-four 
hours;  and  the  operation  of  the  fea,  both  on  the 
eafl  and  weft  of  this  ifthmus,  would,  in  the 
courfe  of  time,  gradually  cut  through  fuch 
a narrow  neck  of  land.  The  tides  adting  with 
violence  not  only  againft  this  ifthmus,  but  alfo 
againft  the  coafts  of  France  and  of  England, 
muft  have  carried  away  vaft  quantities  of  earth, 
fand,  and  clay,  from  every  part  on  which  the 
waves  exerted  their  fury.  Their  courfe,  how- 
ever, being  interrupted  by  the  ifthmus,  they 
would  not,  as  might  be  imagined,  depofite  their 
fediments  upon  its  fhores,  but  would  tranfport 
and  depofite  them  on  the  great  plain  which  now 

* See  Varen.  Geogr.  p.  203.  217.  and  22g, 
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forms  the  marfh  of  Romney,  and  is  four  miles 
broad  and  eight  long;  for  no  man,  who  has  ever 
feen  this  plain,  can  poffibly  doubt  of  its  having 
been  formerly  covered  with  the  fea,  as,  without 
the  intervention  of  the  dikes  of  Dimchurch,  a 
great  part  of  it  would  ftill  be  overflowed  by  the 
fpring-tides. 

The  German  fea  would  a£t  in  the  fame  man- 
ner againft  this  ifthmus  and  againft  the  coafts  of 
England  and  Flanders,  and  would  carry  its  fedi- 
ments  into  Holland  and  Zeland,  the  foil  of  which 
was  formerly  under  the  waters,  though  it  is  now 
elevated  40  feet  above  them.  On  the  Englifh 
coaft,  the  German  fea  mull  have  occupied  that 
large  valley  which  commences  at  Sandwich, 
runs  by  Canterbury,  Chatham,  Chilham,  and 
terminates  at  Afhford,  a fpace  of  more  than. 20 
miles.  Here  the  land  is  much  more  elevated 
than  it  was  in  ancient  times  ; for,  at  Chatham, 
the  bones  of  an  hyppppotamos  were  found  bu- 
ried at  the  depth  of  1 7 feet,  and  likewife  anchors 
of  fhips,  and  fea-fhells. 

Nothing  is  more  apparent  than  that  new  lands 
are  formed  by  the  earth,  fand,  clay,  &c.  tranf- 
ported  and  depofited  by  the  fea  : For,  in  the 
ifland  of  Okney,  which  is  adjacent  to  the  marfhy 
coaft  of  Romney,  there  was  a flat  fpace  of  ground 
in  continual  danger  of  being  overflowed  by  the 
river  Rother;  but  this  flat,  in  lefs  than  60  years, 
has  been  conftderably  elevated  by  the  acceflion 
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of  frefh  matter  brought  in  by  every  tide.  This 
river  has,  befides,  deepened  its  channel  fo  much, 
that  its  mouth,  which,  lefs  than  50  years  ago, 
was  fordable  by  men,  is  now  capable  of  receiving 
lai'ge  veffels. 

In  the  fame  manner  has  the  bank  of  fand, 
which  runs  obliquely  from  the  coaft  of  Norfolk 
to  that  of  Zeland,  been  formed.  This  bank  is 
the  place  where  the  German  and  French  feas 
encounter  fince  the  rupture  of  the  ifthmus  ; and 
it  is  here  that  the  waters  depofite  the  earth 
and  fand  which  they  carry  off  from  the  coafts. 
It  is  even  probable  that  this  bank  of  fand  may^ 
in  a fucceffion  of  ages,  give  rife  to  a new 
ifthmus*. 

It  is  extremely  probable,  fays  Mr.  Ray,  that 
the  ifland  of  Great  Britain  was  formerly  joined 
to  France  : Whether  it  was  feparated  by  an  earth- 
quake, by  an  irruption  of  the  ocean,  or  by  the 
operation  of  men,  we  know  not.  But  the  form-* 
er  junction  of  Britain  to  the  continent  is  ap- 
parent from  the  identity  of  the  rocks  and  differ- 
ent ftrata,  at  the  fame  elevation,  on  the  oppofité 
coafts  ; and  from  the  fimilar  extent  of  the  rocks 
on  each  fide,  being  both  about  fix  miles.  The 
narrownefs  of  this  ftrait,  which  exceeds  not  24 
Englifh  miles,  and  its  fhallownefs,  when  com- 
pared to  the  depth  of  the  neighbouring  fea,  ren- 
der it  probable  that  England  has  been  feparated 
from  France  by  fome  accident.  To  thefe  proofs 
* See  Phil.  Tranf.  Abridg.  vcd.  iv.  p.  227; 
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we  might  acid,  that  wolves  and  bears  former}/ 
exifted  in  this  ifland  : It  is  not  probable  that  thefe 
animals  could  fwim  over,  nor  that  fuch  deftruc- 
tive  creatures  would  be  tranfported  by  men  ; for, 
in  general,  the  noxious  animals  of  the  continent 
are  found  in  all  thofe  iflands  which  are  very  near 
it,  but  never  in  thofe  that  are  remote.  This  fadt 
was  remarked  by  the  Spaniards  when  they  ar- 
rived at  America 

In  the  reign  of  Henry  I.  of  England,  a part 
of  Flanders  was  overflowed  by  an  irruption  of 
the  fea.  In  144.6,  more  than  10,000  perfons 
were  drowned  by  a fimilar  irruption  in  the  ter- 
ritory of  Dordrecht,  and  more  than  100,000 
round  Dullart  in  Frifeland  and  Zeland.  In 
thefe  two  provinces,  above  300  villages  were 
overflowed.  The  tops  of  their  towers  and  fpires 
are  ftill  vifible  above  the  furface  of  the  water. 

From  the  coafts  of  France,  England,  Holland, 
and  Germany,  the  fea  has  in  many  places  re- 
treated. Hubert  Thomas,  in  his  defcription  of 
the  country  of  Liege,  allures  us,  that  the  walls 
of  the  city  of  Tongres  were  formerly  furround- 
ed  by  the  fea,  though  it  is  now  35  leagues  dif- 
tant  from  that  city.  He  gives  lèverai  fatisfac- 
tory  reafons  : Among  others,  he  informs  us, 
that,  in  his  time,  the  iron  rings,  to  which  fhips 
were  faftened,  ftill  remained  in  the  walls.  The 
fens  of  Lincoln,  of  the  ifland  of  Ely,  and  the 
Crau  of  Provence  in  France,  may  be  regarded  as 
* See  Ray’s  Difcourfes,  p.  208. 
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lands  abandoned  by  the  Tea,  which  has  likewife, 
fince  the  year  1665,  retired  confiderably  from 
the  mouth  of  the  Rhone.  At  the  mouth  of  the 
Arno  in  Italy,  a large  quantity  of  land  has  been 
gained  from  the  fea  ; and  Ravenna,  which  was 
formerly  a harbour,  is  no  longer  a fea-port. 
The  whole  of  Holland  appears  to  be  new  land  1 
The  furface  of  the  ground  is  nearly  on  a level 
with  the  fea,  although  it  has. received  daily  ele- 
vations from  the  mud  and  earths  tranfported  by 
the  Rhine,  theMaefe,  &c.  ; for  the  foil  of  Holland 
was  formerly,  in  many  places,  computed  to  be 
jo  feet  below  the  level  of  the  fea. 

It  has  been  alledged,  that,  in  the  year  860,  a 
furious  tempeft  drove  fuch  quantities  of  fand  up- 
on the  coaft,  that  the  mouth  of  the  Rhine  near 
Catt  was  entirely  blocked  up;  and  that  this  river 
overflowed  the  whole  country,  overturned  trees 
and  houfes,  and  at  laft  emptied  itfelf  into  the 
channel  of  the  Maefe.  In  1421,  another  inun- 
dation feparated  the  city  of  Dordrecht  from  the 
main  land,  overwhelmed  72  villages,  and  drown- 
ed 100,000  perfons,  befide  avail  number  of  cattle. 
The  dike  of  Ilfel  was  broken  down  in  1638,  by 
the  ice-boards  from  the  Rhine  blocking  up  the 
paflage  of  the  water,  which  occafioned  an  open- 
ing in  the  dike  of  feveral  fathoms,  and  a great 
part  of  the  province  was  laid  under  water  before 
the  breach  could  be  repaired.  The  province  of 
£eland,  in  1682,  fuffered  a fimilar  inundation, 
whiçh  drowned  more  than  30  villages  ; and  an 

amazing 
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amazing  number  of  men  and  cattle  periihed,  as 
the  unfortunate  . event  happened  during  the 
night.  The  lofs  would  have  been  (till  greater, 
had  not  a fouth-eaft  wind  oppofed  the  motion 
of  the  waves  ; for  there  was  fuch  a fwell  in  the 
fea,  that  the  water  rofe  18  feet  above  the  higheft 
ground  in  the  province^. 

The  harbour  of  Hithe,  in  the  county  of  Kent, 
is  entirely  blocked  up,  notwithftanding  much 
labour  and  expence  beftowed,  on  different  occa- 
fions,  to  clear  it  from  rubbifh.  For  feveral  miles 
round,  we  find  an  aftonifhing  quantity  of  fhells 
and  other  fea-bodies,  which  had  been  accumu- 
lated in  ancient  times,  and  which  are  now  co- 
vered with  foil,  and  afford  excellent  pafturage. 
The  fea,  on  the  other  hand,  often  encroaches 
upon  the  land.  The  lands  of  Goodwin,  for  ex- 
ample, which  formerly  belonged  to  a Nobleman 
of  that  name,  are  now  converted  into  fands, 
and  are  covered  with  the  waters  of  the  ocean. 
Thus  the  fea  gains  upon  fome  coafts,  and  lofes 
upon  others,  according  to  their  different  fitua- 
tions  and  circumftances  f . 

Upon  Mount  Stella,  in  Portugal,  there  is  a 
lake,  in  which  are  found  the  wrecks  of  fhips, 
though  this  mountain  is  1 2 leagues  diftant  from 
the  fea  Sabinius,  in  his  commentary  upon 
Ovid’s  Metamorphofes,  tells  us,  that,  in  the  year 

« See  les  Voyag.  hill,  de  l’Europe,  tom.  v.  p.  70. 

f See  Phil.  Tranf.  Abridg.  vol.  iv.  p.  234.. 

; See  Gordon’s  Geog,  Gram.  p.  149. 
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1460,  a fhip,  with  its  anchors,  were  found  in 
one  of  the  Alpine  mines, 

Thefe  changes  of  fea  into  land,  and  of  land 
into  fea,  are  not  peculiar  to  Europe.  The  other 
parts  of  the  globe,  if  properly  investigated,  would 
furnifh  more  ftriking  and  numerous  examples, 
Calecut  was  formerly  a celebrated  city,  and 
the  capital  of  a kingdom  of  that  name.  It  is 
now  reduced  to  an  inconfiderabie  town,  ill-built, 
and  almoft  deferted.  The  fea,  which,  for  a cen- 
tury paft,  has  gained  greatly  upon  this  coaft, 
now  covers  moft  of  the  ancient  city.  Ships 
moor  upon  its  ruins,  and  the  port  is  choaked 
up  with  a number  of  rocks,  upon  which  many 
*VefTels  have  been  wrecked  *. 

The  province  of  Jucatan,  a peniafula  in  the 
Gulf  of  Mexico,  was  formerly  a part  of  the  fea. 
This  neck  of  land  ftretches  about  100  leagues 
ki  length,  and  is  no  where  above  25  leagues 
broad.  The  air  is  hot  and  moift.  The  earth 
furnifhes  plenty  of  water,  though,  in  fo  large  a 
country,  there  are  neither  rivers  nor  brooks  ; and, 
when  pits  are  dug,  fuch  multitudes  of  fhellsj 
every  where  appear,  as  leave  no  room  for. 
doubting  that  this  whole  trad  of  land  was  form- 
erly a part  of  the  ocean. 

It  is  a tradition  among  the  inhabitants  of  Ma- 
labar, that  the  Maldiva  iflands  originally  belong- 
ed to  the  continent  of  India,  and  that  they  were 
detached  from  it  by  the  violence  of  the  ocean. 

* See  Lettres  Edifiantes,  recueil  ii.  p.  187. 


The 


49$  OF  THE  CHANGES  OF 

The  numbqfpof  thefe  iflands  is  fo  great,  and  they 
are  feparatedby  fuch  narrow  channels,  that  the  . 
bow-fprits  of  vefiels  in  palling,  drive  off  leaves 
from  the  trees  on  each  fide;  and,  in  fome  places, 
a vigorous  man,  by  laying  hold  of  a branch, 
may  leap  into  another  ifland*.  The  cocoa 
trees  found  at  the  bottom  of  the  fea,  is  a farther 
proof  that  the  Maldivas  formerly  belonged  to 
the  continent. 

The  ifland  of  Ceylon,  thofe  of  Rammanakoiel, 
and  many  other  iflands,  it  is  believed,  were  alfo 
disjoined  from  the  continent  by  currents,  which, 
in  many  places  of  the  Indian  fea,  are  extreme- 
ly rapid -f*.  It  is  certain,  however,  that  the  fea 
has  encroached  30  or  40  leagues  on  the  north- 
eaft  coait  of  Ceylon. 

The  fea  appears  to  have  lately  abandoned  ma- 
ny of  the  promontories  and  iflands  of  America. 
We  have  already  remarked,  that  the  territory  of 
Jucatan  is  full  of  fhells.  The  fame  phænome- 
non  takes  place  in  the  low  grounds  of  Marti- 
nico  and  the  other  Antilles,  The  inhabitants 
diftinguiih  the  earth  below  the  furface  by  the 
name  of  lime  ; becaufe  they  make  lime  of  the 
fnells,  great  banks  of  which  lie  immediately  un- 
der the  vegetable  foil  J. 

There  are  fome  lands  which  the  fea  alternately 
covers  and  leaves  bare,  as  happens  in  feveral  iflands 

* See  Voyages  des  Hollanders  aux  Indes  Orientales,  p.  274. 

f Ib'd.  vol.  iv.  p.  485, 

% See  Nouv.  Voyages  aux  Ifles  de  l’Amer’qus, 
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Norway,  Scotland,  the  Maldiva’s,  the  gulf  of 
Cambaya,  &c.  The  Baltic  fea  has  gradually 
gained  a great  part  of  Pomerania;  and  it  has 
covered  and  deftroyed  the  celebrated  port  of  Vi- 
neta.  In  the  fame  manner,  the  Norwegian  fea 
has  advanced  into  the  continent,  and  formed 
feveral  iflands.  The  German  fea  has  encroach- 
ed upon  Holland,  near  Catt,  to  fuch  a degree, 
that  the  ruins  of  atl  ancient  Roman  citadel, 
which  was  formerly  fituated  on  the  coaft,  lie 
now  at  a eonfiderable  diftance  in  the  fea.  The 
marlhy  ground  in  the  ifland  of  Ely,  and  the 
Crau  of  Province,  are,  on  the  contrary,  lands 
which  the  fea  has  deferted.  The  Downs  have 
been  formed  by  accumulations  of  fand,  earth,  and 
fhells  fucceffively  driven  upon  the  coafts  by 
winds  blowing  from  the  Tea.  For  example,  on 
the  weft  coafts  of  France,  Spain,  and  Africa,  a 
violent  weft  wind  reigns,  by  which  the  waters 
are  puftied  with  violence  againft  the  fhores;  and 
downs,  açcordingly,  are  frequent  on  thefe  coafts. 
The  eaft  winds,  in  the  fame  manner,  when  they 
continue  long,  drive  the  waters  fo  forcibly  from 
the  coafts  of  Syria  and  Phoenicia,  that  large 
chains  of  rocks,  which  are  covered  during  the 
weft  winds,  are  left  dry.  Befides,  downs  are 
not  compofed  of  ftones  and  marble,  like  the 
mountains  which  have  been  formed  in  the  bot- 
tom of  the  ocean,  becaufe  they  have  not  remain- 
ed long  enough  under  the  waters.  That  the  wai- 
ters of  the  fea  poffefs  a petrifying  power,  and  that 
vol.  i.  ii  the 
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the  ftones  formed  in  the  earth  are  very  different 
from  thofe  formed  at  the  bottom  of  the  ocean, 
is  fully  evinced  in  my  difcourfe  on  minerals. 

Since  fimfhing  my  theory  of  the  earth,  which 
was  compofed  in  the  year  1744,  I have  perufed 
M.  Barrere’s  differtation  on  the  origin  of  figur- 
ed ftones.  It  gave  me  peculiar  fatisfa&ion  to 
find  that  the  ideas  of  this  accomplished  naturalift, 
concerning  the  formation  of  downs,  and  the 
duration  of  the  fea  upon  the  furfacc  of  the 
earth  which  we  inhabit,  exadtly  correfponded 
with  my  own.  Aiguis-mortes,  which  is  now 
more  than  a league  and  a half  from  the  fea,  was 
a port  in  the  time  of  St.  Louis.  Pfalmodi  was 
an  ifland  in  the  year  815;  and  it  is  now  more 
than  two  leagues  from  the  fea.  The  fame  change 
has  happened  at  Maguelone.  The  greateft  part 
of  the  vineyard  of  Agde  was  covered,  about  40 
years  ago,  with  the  waters  of  the  fea.  In  Spain, 
the  fea,  within  thefe  few  years,  has  retired  con- 
fiderably  from  Blanes,  from  Badalona,  from  the 
environs  of  the  river  Vobregat,  from  Cape  Tor- 
tofa  along  the  coaft  of  Valencia,  &c. 

The  lea  may  form  hills  and  mountains,  1.  By 
tranfporting  earth,  flime,  fand,  and  fhells  from 
one  place  to  another  : 2.  By  depofiting  fediments 
compofed  of  fmall  particles  detached  from  the 
bottom  and  from  the  coafts  : And,  lajily , hills 
and  downs  may  be  formed  by  fand  and  other 
particles  driven  againft  the  coafts  by  particular 
winds  ; thefe  are  gradually  deferted  by  the  fea, 
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and  become  parts  of  the  dry  land.  The  downs 
of  Flanders  and  Holland  are  of  this  kind.  They 
confift  of  fmall  elevations  or  hills,  compofed  of 
fand  and  fhells  which  have  been  blown  from 
the  fea  upon  the  coafts.  M.  Barrere  gives  ano- 
ther example,  which  merits  obfervation.  4 The 
< fea,’  he  remarks,  4 by  its  motion,  detaches  irn- 
4 menfe  quantities  of  plants,  fand,  fhells,  and 
4 flime,  from  its  bottom,  which  are  continually 
4 pufhed  by  the  winds  and  the  waves  towards 
4 the  coafts.  The  perpetual  repetition  of  this 
4 operation  mu  ft  give  rife  to  gradual  accumula- 
4 tions  of  new  ftrata,  which  elevate  the  earth, 
4 produce  downs  and  hills,  enlarge  the  land,  and 
4 confine  the  fea  within  narrower  bounds. 

4 It  is  apparent  that  new  ftrata  of  different 
4 materials  muft  have  been  formed  by  the  con- 
4 ftant  attrition  of  the  waters,  by  the  depofition 
4 of  fediments,  and  by  other  caufes,  the  operation 
4 of  which  has  been  co-eval  with  the  exiftence 
4 of  the  globe  itfelf.  Of  this  we  have  a remark- 
4 able  proof  in  the  different  ftrata  of  foffil  fhells, 
4 and  other  fea  bodies,  found  at  Rouflillon  near 
4 the  village  of  Naffiac,  which  is  7 or  8 leagues 
4 from  the  fea.  Thefe  beds  of  fhells,  which  in- 
4 cline  at  different  angles  from  weft  to  eaft,  are 
4 divided  from  each  other  by  ftrata  of  earth  and 
4 fand  fometimes  of  a foot  and  a half,  and  fome- 
4 times  of  two  or  three  feet  in  thicknefs.  In  dry 
4 weather  they  feem  as  if  fprinkled  over  with 
6 fait,  and  form  a chain  of  hillocks  from  25  to 
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* 30  fathoms  high.  A long  chain  of  hillocks  of 

* fuch  a height  could  not  be  formed  at  once, 
4 but  gradually,  and  by  a long  fucceffion  of  time. 

4 EfFefts  fomewhat  fimilar  might  have  been  pro» 
4 duced  by  an  univerial  deluge.  But,  in  this 
4 cafe,  the  different  beds  of  foffil  ffiells,  inftead 
6 of  preferving  a regular  form,  would  have  beer* 
4 blended  together  without  any  order/ 

I entirely  agree  with  the  fentiments  of  M. 
Barrere,  except  as  to  the  formation  of  moun- 
tains, which  cannot  be  afcribed  folely  to  thofe 
caufes  which  increafe  the  land,  and  diminifh  the 
boundaries  of  the  ocean.  On  the  contrary, 
I can  produce  feveral  convincing  arguments 
to  prove  that  moft  of  thofe  eminences,  which 
appear  on  the  furface  of  the  earth,  have  ac- 
tually received  their  original  formation  in  the 
fea  itfelf  : 1.  Becaufe  they  have  correfponding 

angles,  which  neceffarily  imply  the  caufe  we 
have  affigned,  namely,  the  motion  of  the  cur- 
rents. 2.  Becaufe  downs  and  hills,  which 
have  originated  from  materials  thrown  upon  the 
coafts,  are  not,  like  common  hills,  compofed  of 
marble  and  hard  fcones.  Befides,  the  fhells  found 
in  the  former  are  only  in  the  foffil  ftate  ; but 
thofe  in  the  latter  are  entirely  petrified.  Nèir 
ther  is  the  pofition  of  the  ftrata  equally  hori- 
zontal in  downs,  as  in  the  hills  compofed  of 
marble  and  hard  ftone.  They  are  more  or  lefs  in- 
clined, as  in  the  hills  of  Naffiac.  On  the  contrary, 
in  the  hills  and  mountains  formed  by  fediments 

under 
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under  the  waters  of  the  fea,  the  ftrata  are  always 
parallel,  and  often  horizontal  ; and  the  fhells 
and  .other  matter  of  them  are  completely  petri- 
fied. I defpair  not  of  being  able  to  prove,  that 
the  marbles  and  other  calcareous  bodies,  which 
are  almoft  all  cornpofed  of  madrepores,  adroites, 
and  fhells,  have  acquired  their  denfity  and  per- 
fection at  the  bottom  of  the  ocean.  But  the 
tufas,  foft  ftoneSj  incruftations,  ftala&ites,  &c. 
which  are  likewife  calcinable,  and  have  been 
formed  fince  the  earth  was  left  dry,  can  never 
acquire  the  degree  of  denfity  and  of  petrifaction 
peculiar  to  marble  and  other  hard  ftones. 

The  remarks  of  M.  Saulmon,  concerning  the 
galets , which  are  found  in  many  places,  may  be 
feen  in  the  hiftory  of  the  French  Academy, 
anno  1707.  Thefe  galets  are  round,  flat,  finely 
polifhed  pieces  of  flint,  thrown  out  by  the  fea 
upon  the  coafts.  At  Bayeux,  and  at  Prutel, 
which  is  a league  from  the  fea,  galets  are  found 
in  digging  pits  and  wells.  The  mountains  of 
Bonneuil,  of  Broie,  and  of  Quefnoy,  which  are 
1 8 leagues  diftant  from,  the  fea,  are  covered  with 
galets.  They  are  alfo  found  in  the  valley  of 
Clermont  in  Beauvois.  M.  Saulmon  farther 
informs  us,  that  a hole,  1 6 feet  in  length,  was 
pierced  horizontally  into  the  high  beach  of  Tref- 
port,  which  confifts  of  a foft  earth  ; and  that, 
in  the  fpace  of  30  years,  it  was  entirely  oblite- 
rated by  the  fea.  Suppofing  the  fea  to  encroach 
I I 3 uniformly 
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uniformly  upon  this  fhore,  it  will  gain  half  a 
league  in  1 2,000  years. 

The  motions  of  the  fea,  therefore,  muft  be 
regarded  as  the  principal  caufe  of  all  thofe 
changes  which  have  already  happened,  and  of 
thofe  which  are  daily  produced  upon  the  furface 
of  the  earth.  But  there  are  other  caufes,  which, 
though  lefs  confiderable,  have  fome  effect  in 
changing  the  fuperficial  parts  of  this  globe.  The 
rivers,  the  brooks,  the  melting  of  fnows,  the  tor- 
rents, the  frofts,  &c.  have  given  rife  to  many 
alterations.  The  rains  have  diminifhed  the 
height  of  the  mountains  ; the  rivers  and  brooks 
have  elevated  the  plains,  and  dammed  up  the  fea 
at  their  mouths  ; the  torrents  and  the  melting 
of  fnows  have  fcooped  out  deep  ravines  or  fur- 
rows in  the  valleys  and  narrow  paffages  between 
the  mountains;  the  frofls  have  fplit  rocks,  and 
detached  them  from  their  original  flations  : In- 
numerable examples  of  revolutions  produced  by 
all  thefe  caufes  might  be  given.  Varenius  tells 
us,  that  the  rivers  tranfport  into  the  fea  vaft 
quantities  of  earth,  and  depofite  them  at  greater 
or  leffer  diflances  from  the  fhore,  in  proportion 
to  the  rapidity  of  their  currents.  Thefe  portions 
of  earth  fall  to  the  bottom,  and  firft  form  fmall 
banks,  which,  by  confiant  accédions,  become 
fhoals,  and  at  laft  appear  in  the  form  of  fertile 
and  habitable  iflands.  It  is  in  this  manner  that 
the  iflands  in  the  Nile,  thofe  in  the  river  St* 
Lawrence,  the  ifland  of  Landa,  fituated  near  the 

mouth 
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mouth  of  the  river  Coanza,  on  the  coaft  of  A- 
frica,  the  Norwegian  ifiands,  &c.  have  received 
their  exiftence*.  To  thefe  may  be  added  the 
ifland  of  Trong-ming  in  China,  which  has  been 
gradually  formed  by  matters  brought  down  by 
the  river  Nankin,  and  depofited  near  its  mouth. 
This  ifland  is  more  than  20  leagues  in  length, 
and  from  5 to  6 in  breadth  f. 

The  Po,  the  Trento,  and  other  rivers  of  Italy, 
bring  down  fuch  quantities  of  earth  into  the 
lagunes  of  Venice,  efpecially  in  the  time  of 
inundations,  that  they  mu  ft  be  gradually  filled 
up.  Many  parts  of  them  are  already  dry  during 
the  ebb  tide;  and  there  is  in  them  no  depth  of 
water,  except  in  the  canals,  which  are  fupported 
at  an  immenie  expence. 

Large  fand-banks  are  thrown  up  at  the 
mouths  of  the  Nile,  of  the  Ganges,  of  the  In- 
dus, of  the  Plata,  and  of  many  other  rivers. 
La  Loubere,  in  his  voyage  to  Siam,  informs  us, 
that  the  banks  of  fand  and  of  earth  augment 
daily,  at  the  mouths  of  the  great  rivers  of  Afia, 
and  to  fuch  a degree  that  the  navigation  of  them 
becomes  every  hour  more  difficult,  and  will  foon 
be  impraticable.  The  fame  obfervation  applies 
to  the  great  rivers  of  Europe,  and  efpecially  to 
the  Wolga,  which  empties  itfelf  by  more  than 
70  mouths  into  the  Cafpian,  and  to  the  Danube, 
which  runs  into  the  Black  Sea  by  feven  mouths,  &c. 

* See  Varen.  Geogr.  p.214. 

t See  Lettres  EJifiarit.  rec.  xi.  p.  234. 
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As  it  feldom  rains  in  Egypt,  the  regular  in** 
undations  of  the  Nile  proceed  from  the  torrents 
which  fall  into  it  from  Ethiopia.  It  brings  down 
vaft  quantities  of  mud,  which  it  depofites  annu- 
ally not  only  upon  the  foil  of  Egypt,  but 
throws  it  to  great  diftances  into  the  fea,  where  it 
is  laying  the  foundations  of  a new  country, 
which  muft  arife,  in  the  courfe  of  time,  out  of 
the  bofom  of  the  ocean  ; for,  upon  founding  at 
the  diftance  of  20  leagues  from  the  coaft,  the 
mud  of  the  Nile  is  found  at  the  bottom  of  the 
fea;  and  every  year  it  receives  frefh  accumula- 
tions. The  Lower  Egypt,  now  called  the  Delta , 
was  formerly  a bay*.  Homer  tells  us,  that  the 
ifland  of  Pharos  was  a day  and  a night’s  voyage 
from  Egypt;  and  now  it  is  almoft  contiguous 
to  the  land.  The  foil  of  Egypt  is  not  every 
where  of  an  equal  depth  ; it  grows  thinner  the 
farther  we  remove  from  the  fea.  Near  the  banks 
of  the  Nile,  there  are  fometimes  more  than  30 
feet  of  good  foil;  but  at  the  extremity  of  the  in- 
undation, there  are  not,  perhaps,  above  7 inches. 
All  the  cities  of  the  Lower.  Egypt  have  been 
built  upon  artificial  eminences  The  town  of 
Damietta,  which  is  now  ten  miles  from  the  fea, 
was  a part  of  the  ocean  in  the  year  1243.  The 
town  of  Fooah,  which,  30a  years  ago,  was  fitu- 
ated  at  the  mouth  of  the  Canopic  branch  of  the 
Nile,  is  now  7 miles  diftant  from  it.  Within 

* See  Diodor.  Sic.  lib.  iii.  Ariftot.  de  Meteor,  lib.  i.  cap.  14. 
Herodot.  § 4,  5,  &c. 

f See  Shaw’s  Travels. 
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40  years,  the  fea  has  retired  half  a league  from 
Rofetta,  &c.* 

Many  changes  have  alfo  taken  place  at  the 
mouths  of  the  great  rivers  of  America,  and  even 
in  thofe  which  have  been  but  lately  difcovered. 
Charlevoix  tells  us,  that  at  the  mouth  of  the 
Miffifippi,  below  New  Orleans,  the  land  runs 
out  into  a point,  which  appears  not  to  be  very 
ancient;  becaufe,  wherever  the  earth  is  dug, 
plenty  of  water  is  found;  and  befides,  the  many 
little  iflands  which  have  recently  appeared  in  all 
the  mouths  of  this  river,  leave  no  room  to  doubt 
that  this  point  of  land  was  formed  in  the  fame 
manner.  It  is  certain,  fays  he,  that  when  M. 
Salle  failed  down  the  Miffifippi  to  the  fea,  th$ 
mouth  of  this  river  was  confiderably  different 
from  what  it  is  now. 

The  nearer,  he  adds,  we  approach  the  fea, 
this  difference  becomes  the  more  confpicuous. 
There  is  no  water  in  moft  of  the  fmall  channels 
cut  in  the  bar  by  the  river.  Thefe  channels 
are  greatly  multiplied  by  the  trees  brought  down 
by  the  current.  A fingle  tree,  with  its  branches 
and  roots,  when  flopped  in  a fhallow  part  of  the 
river,  will  entangle  a thoufand.  I have  feen, 
fays  he,  200  leagues  from  New  Orleans,  differ- 
ent colledhions  of  trees,  any  one  of  which  would 
fill  all  the  wood-yards  in  Paris.  Nothing  can 
difentangle  them.  The  mud  brought  down  by 
the  river  ferves  as  a cement,  and  gradually 

* See  Shaw’s  Travels. 
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covers  them.  Every  inundation  leaves  a new 
ftratum  ; and,  in  a few  years,  plants  and  Airubs 
begin  to  grow.  It  is  in  this  manner  that  moil 
points  of  land  and  iflands,  which  fo  often  change 
the  courfe  of  rivers,  are  originally  produced. 

Ail  the  revolutions,  however,  produced  by 
rivers,  are  very  flow,  and  become  not  confider- 
able  till  after  a long  courfe  of  years.  But  thofe 
which  are  occafioned  by  inundations  or  earth- 
quakes are  fudden,  and  almoft  inftantaneous. 
According  to  the  Timæus  of  Plato,  we  are  af- 
fured  by  the  ancient  priefts  of  Egypt,  600  years 
before  the  birth  of  Chrift,  that  there  exifted  an 
ifland  beyond  the  Pillars  of  Hercules,  called 
Atlantis , which  was  larger  than  both  Aha  and 
Lybia  taken  together  ; and  that  this  great  ifland 
was  funk  under  the  waters  of  the  ocean  by  a 
terrible  earthquake.  4 Traditur  Athenienfis  civi- 
4 tas  reftitifle  olim  innumeris  hoftium  copiis  quæ, 
4 ex  Atlantico  mari  profedtæ,  propè  cundtam 
c Europam  Ahamque  obfederunt  ; tunc  enim 
4 fretum  lllud  navigabile,  habens  in  ore  et  quafi 
4 veftibulo  ejus  infulamquam  Herculis  Columnas 
4 cognomina nt  : Ferturque  infula  ilia  Lybia  fi- 
4 mul  et  Alia  Major  fuifle,  per  quam  ad  alias 
4 proxitnas  infulas  patebat  aditus,  atque  ex  infu- 
4 lis  ad  omnem  continentem  è confpedtu  jacen- 
4 tern  vero  marl  vicinam  ; fed  intrà  os  ipfum 
4 portus  angufto  finu  traditur,  pelagus  illud  ve„ 
4 rum  mare,  terra  qucque  ilîe  verè  erat  conti- 
4 nens,  &c.  Poll  hæc  ingenti  terræ  motuju- 
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* gique  diei  unius  et  noCtis  illuvione  faCtum  eft, 

4 ut  terra  dehifcens  omnes  illos  bellicofos  abfor- 
1 beret,  et  Atlantis  infnla  fub  vafto  gurgite  mer- 
4 geretur.’  Plato  in  Ttimœo.  This  ancient  tra- 
dition is  not  devoid  of  probability.  The  lands 
fwallowed  up  by  the  waters  were,  perhaps,  thofe 
which  united  Ireland  to  the  Azores,  and  the 
Azores  to  the  continent  of  America  ; for,  in 
Ireland,  there  are  the  fame  foftils,  the  fame  (hells, 
and  the  fame  fea-bodies,  as  appear  in  America, 
and  fome  of  them  are  found  in  no  other  part  of 
Europe. 

Two  evidences  are  mentioned  by  Eufebius  on 
the  fubjeCt  of  deluges  : The  one  is  Melo,  who 
affirms,  that  all  the  plains  of  Syria  were  former- 
ly laid  under  water  : The  other  is  Abidenus, 
who  fays,  that  in  the  reign  of  King  Sifithrus, 
there  was  a great  deluge,  which  had  been  pre- 
dicted by  Saturn.  Plutarch  De  Solertia  Ajiima - 
linm^  Ovid,  and  other  mythologifts,  defcribe  the 
deluge  of  Deucalion,  which  happened,  they  fay, 
in  Theflaly,  about  700  years  after  the  univerfal 
deluge.  It  is  alfo  alleged,  that  there  was  a 
ftill  more  ancient  deluge  in  Attica,  during  the 
time  of  Ogiges,  about  230  years  before  that  of 
Deucalion.  In  the  year  1095,  a deluge  in  Syria 
drowned  a prodigious  number  of  people^.  In 
1164,  a deluge  in  Friefland  covered  the  whole 
environs  of  the  coafts,  and  drowned  feveral 
thoufands  of  the  inhabitants  f.  Another  inun- 

* See  Allied.  Chron.  chap.  25.  f See  Krar.k,  lib.  v.  c.  4. 
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dation,  in  12 1 8,  deftroyed  100,000  men.  Of 
inundations  there  are  many  other  examples. 

Impetuous  winds  may  be  regarded  as  a third 
caufe  of  changes  on  the  furface  of  the  globe. 
They  not  only  give  rife  to  downs  and  hills  along 
the  fea-coafts,  but  they  often  arreft  rivers,  make 
them  regorge,  and  change  their  directions.  They 
carry  off-  cultivated  lands,  tear  up  trees,  overturn 
houfes,  and  cover  whole  countries  with  fand. 
Upon  the  coaft  of  Brittaiiy,  in  France,  we  have 
an  example  of  thefe  inundations  of  fand  : The 
hiftory  of  the  Academy,  ann.  1722,  defcribes  it 
in  the  following  terms  : 

4 In  the  environs  of  St.  Paul  de  Leon,  in 
4 Lower  Brittany,  there  is  a province  on  the  fea- 
4 coaft,  which,  before  the  year  16 66,  was  inha- 
4 bited  ; but  now  is  totally  deferted,  on  account 
4 of  the  fand,  which  has  covered  it  to  the  depth 
4 of  20  feet,  and  which  daily  gains  ground. 

4 Reckoning  from  the  above  period,  the  fand 
4 has  advanced  about  6 leagues  into  the  country  ; 

4 and  it  is  now  within  half  a league  of  St.  Paul, 

4 and  that  town  muft  probably  foon  be  deferted. 

4 The  tops  of  fteeples,  and  of  fome  chimneys, 

4 ftill  appear  above  this  ocean  of  fand.  The 
4 inhabitants,  however,  have  always  had  leifure 
4 to  quit  their  poffeffions  in  fafety.  p.  7. 

4 This  calamity  is  augmented  by  an  eaft,  or  a 
4 north  wind,  which  elevate  this  fine  fand,  and 
4 carry  it  in  fuch  quantities,  and  with  fuch  ra~ 

4 pidity,  that  M.  Deflandes,  to  whom  the  Aea- 

4 demy 
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4 demy  are  indebted  for  the  obfervation,  when 
4 walking  in  this  country  during  an  eaft  wind, 
4 found  himfelf  obliged  to  fhake  his  hat  and  his 
4 garments  from  time  to  time,  on  account  of  the 
4 great  weight  of  fand  with  which  they  were 
-4  loaded.  Befides,  when  the  wind  is  violent,  it 
4 carries  the  fand  over  a fmall  arm  of  the  fea  as 
4 far  as  Rofcof,  a port  much  frequented  by  fo- 
4 reign  veffels;  and  the  fand  accumulates  in  the 
4 ftreets  of  this  village  to  the  height  of  two  feet, 
4 which  obliges  the  inhabitants  to  drive  it  off  in 
4 wraggons.  It  may  be  further  remarked,  that 
4 the  fand  is  mixed  with  furruginous  particles, 
4 which  are  recognifable  by  the  magnet. 

4 The  coaft  which  furniihes  this  fand  extends 
4 from  St.  Paul  to  Plouefcat,  a fpace  of  more  than 
4 four  leagues  ; and  it  is  nearly  on  a level  with 
4 the  fea  when  the  tide  is  full.  It  is  fituated  in 
4 fuch  a manner  that  the  eaft  and  north-eaft 
4 winds  only  can  blow  the  fand  in  upon  the 
4 country.  It  is  eafy  to  conceive  how  fand  car- 
4 ried  and  accumulated  into  any  place  by  the 
4 wind,  may  again  be  taken  up  by  the  fame 
4 wind,  and  carried  ftill  farther.  Thus  the  fand 
4 may,  continue  advancing,  and  covering  new 
4 lands,  as  long  as  the  magazine  from  which  it 
4 originally  proceeds  fhall  remain  unexhaufted; 
4 for,  if  the  fountain  were  once  dried  up,  the 
4 fand,  by  advancing,  would  diminifti  in  depth, 
4 and  its  deftru£tive  confequences  would  gradu- 

4 ally 
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4 ally  decay*  But  it  is  not  improbable  that  the 
4 fea  may  long  continue  to  fupply  frefti  fand, 

4 and  keep  this  baneful  magazine  in  a condition 
4 to  do  perpetual  mifehief. 

4 This  difafter  is  not  of  an  old  date.  Perhaps 
4 it  was  not  till  lately  that  the  place  was  fuffi- 
4 ciently  ftored  to  allow  great  quantities  of  fand 
4 to  be.  carried  off;  or,  perhaps,  it  has  but  re- 
4 cently  been  left  uncovered  by  the  waters. 

4 This  coaft  has  undergone  fome  change.  At 
4 prefent,  the  fea,  at  full  tide,  reaches  half  a 
4 league  on  this  fide  of  certain  rocks,  which  it 
4 formerly  never  pafled. 

4 This  miferable  province  juflifies  what  has 
4'  been  related,  both  by  ancient  and  by  modern 
4 travellers,  that  whole  cities,  and  even  vaft 
4 armies,  have  been  buried  by  tempefts  of  fand 
4 in  the  deferts  of  Arabia,’ 

Mr,  Shaw  relates,  that  the  ports  of  Laodicea, 
Tortofa,  Rowadfa,  Tripoly,  Tyre,  Acra,  and 
Jaffa,  are  blocked  up  with  fand  tranfported  by 
the  high  waves  which  rife  on  that  jpart  of  the 
coaft  of  the  Mediterranean,  when  the  weft 
winds  blow  with  violence*. 

It  is  needlefs  to  give  more  examples  of  alter- 
ations on  the  furface  of  this  globe.  The  fire, 
the  air,  and  the  waters,  produce  continual 
changes,  which,  in  a fucceffion  of  ages,  become 
confiderable.  The  fea  and  the  land  not  only 
* See  Shaw’s  Travels. 
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change  places  from  the  effects  of  general  and 
ftated  periodic  laws,  but  a number  of  revolu- 
tions are  occafioned  by  particular  and  accidental 
caufes,  as  earthquakes,  inundations,  finkings 
of  mountains,  &c.  Thus  the  furface  of  the 
earth,  which  wTe  regard  as  the  moft  permanent 
of  all  things,  is  fubje£ted,  like  the  reft  of  nature, 
to  perpetual  viciffitudes. 


CONCLUSION. 


ROM  the  proofs  delivered  in  Art.  VII, 


and  VIII.  it  appears  to  be  an  eftablifhed 
fa£l,  that  the  whole  furface  of  what  is  now  dry 
land,  was  formerly  buried  under  the  waters  of 
the  ocean.  It  is  equally  clear,  from  Art.  XII. 
that  the  flux  and  reflux,  and  other  movements 
of  the  ocean,  perpetually  detach  from  the  coafts 
v and  from  the  bottom  of  the  fea,  fhells,  and  mat- 
ter of  every  fpecies;  and  that  thefe  are  depofited 
in  other  places  in  the  form  of  fediments,  and 
give  rife  to  the  horizontal  ftrata  which  every 
where  appear.  In  the  IX.  Art.  we  have  proved, 
that  the  inequalities  on  the  furface  of  the  globe 
have  been  occafioned  by  the  motion  of  the  wa- 
ters of  the  fea;  and  that  the  mountains  received 
their  original  formation  from  lucceflive  accu- 
mulations of  fediments.  It  is  likewife  evident, 
from  Art.  XIII.  that  the  currents  which  firft 
followed  the  diredion  of  thefe  inequalities,  af- 
terwards beftowed  on  them  their  prefent  figure, 
namely,  their  alternate  and  correfponding  an- 
gles. From  Art.  VIII.  and  XVIII.  it  appears, 
that  mod  of  the  matters  detached  from  the  coafts 
and  from  the  bottom  of  the  fea  were,  when  de- 
pofited in  fediments,  in  the  form  of  a fine  im- 


palpable 


CONCLUSION. 


5*3 

palpable  powder,  which  entirely  filled  the  cavi- 
ties of  fhells,  whether  this  powder  was  of  the 
fame  nature,  or  only  analogous  to  the  matter  of 
which  the  fhells  were  compofed.  It  is  unde- 
niable, from  Art.  XVII.  that  the  horizontal  ftra- 
ta,  which  have  been  formed  by  fucceffive  accu- 
mulations of  fediments,  and  which  at  firft  were 
foft  and  dudile,  acquired  denfity  and  compad- 
nefs  in  proportion  as  they  dried  ; and  that  the 
perpendicular  failures  in  the  ftrata  derived  their 
origin  from  the  ad  of  drying. 

After  perufing  Art.  X.  XL  XIV.  XV.  XVI. 
XVII.  XVIII.  and  XIX.  we  muft  be  convinced, 
that  the  furface  of  the  earth  has  been  disfigured 
by  many  revolutions  and  particular  viciflitudes, 
arifing  from  the  operation  of  the  waters,  and  the 
effeds  of  rains,  froft,  rivers,  winds,  fubterraneous 
fires,  earthquakes,  inundations,  &c.  and,  confe- 
quently,  that  the  fea  has  alternately  changed 
places  with  the  dry  land,  efpecially  in  the  firft 
ages  after  the  creation,  when  terreftrial  fubftances 
were  much  fofter  than  they  are  at  prefent. 
It  muft  however  be  acknowledged,  that  our 
judgment  concerning  the  fucceffion  of  natural 
revolutions  cannot  fail  to  be  very  imperfed; 
that  we  are  ftill  lefs  competent  judges  of  thofe 
changes  which  owe  their  birth  to  fortuitous 
events  ; and  that  the  defed  of  hiftoric  records 
deprives  us  of  the  knowledge  of  particular  fads. 
We  defiderate  both  time  and  experience.  We 
never  confider,  that,  though  our  exiftence  here 
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be  extremely  limited,  Nature  proceeds  in  her 
courfe.  We  are  ambitious  of  condenfing  into 
our  momentary  duration  both  the  paft  and  the 
future,  without  reflecting  that  human  life  is 
only  a point  of  time,  a fingle  fa£t  in  the  hiftory 
of  the  operations  of  God. 


END  OF  THE  FIRST  VOLUME* 
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